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SECTION  I 
INTRODUCTION 


1 .  GENERAL 

The  Air  Force  Nuclear  Weapons  Effects  Research  Council  has 
established  a  requirement  for  the  experimental  investigation  of  the 
radiative  and  kinetic  energy  partitioning  during  the  initial  coup¬ 
ling  into  the  ground  of  a  near  surface  nuclear  burst.  An  under¬ 
standing  of  the  initial  energy  coupling  is  essential  to  the  accurate 
computer  predictions  of  crater  formation  and  ground  motion  used  in 
the  survivability/vulnerability  assessment  of  Ai«r  Force  weapon  sys¬ 
tems.  Ideally,  this  information  would  be  obtained  through  experi¬ 
ments  utilizing  megaton  yields  in  near  surface  nuclear  bursts. 
However,  the  Limited  Nuclear  Test  Ban  Treaty  of  1963  prevents  atmos¬ 
pheric  testing  of  nuclear  weapons;  thus,  all  nuclear  testing  in 
this  country  subsequent  to  the  treaty  has  been  conducted  underground. 
As  a  result,  the  near  surface  burst  geometry,  which  represents  the 
actual  threat  geometry,  is  replaced  by  a  room  geometry.  An  addi¬ 
tional  ground  shock  system  is  generated  by  the  room  effects  which 
overtake  the  shock  system  generated  by  the  initial  coupling  and 
obscure  information  about  the  initial  coupling.  To  obtain  any 
information  about  the  initial  coupling,  soil  stress  and  motion 
measurements  in  the  unobscured  region  very  close  in  to  the  nuclear 
source  would  be  required.  Supposedly,  this  would  require  measure¬ 
ments  in  the  stress  region  of  2  to  3  Mbar;  however,  any  measurements 
above  100  Kbar  would  provide  useful  information. 

It  appears  to  be  feasible  to  conduct  an  experiment  with  a 
room  configuration  such  that  the  near  surface  burst  geometry  is 
preserved  for  early  times.  With  soil  motion  and  stress  instru¬ 
mentation  suitably  placed,  the  effects  of  the  shock  generated  by 
the  initial  coupling  could  then  be  observed.  However,  the  ability 
of  the  scientific  community  to  successfully  conduct  an  experiment 
of  this  type  has  been  seriously  questioned  since  the  capability  to 
make  the  required  temperature,  radiative,  and  ground  stress  and 
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motion  measurements  has  never  been  demonstrated.  Until  considerable 
confidence  is  developed  in  the  instrumentation  to  be  fielded,  a 
full-scale  coupling  experiment  is  not  justifiable.  This  level  of 
confidence  might  be  achieved  through  evaluation  of  the  instrumen¬ 
tation  systems  in  add-on  experiments  to  scheduled  underground 
nuclear  tests. 

Instrumentation  for  use  in  an  underground  nuclear  event  would 
also  be  suitable  for  use  in  the  region  close-in  to  a  large-scale 
high-explosive  event  since  the  material  flow  in  each  case  is 
described  by  a  hydrodynamic  model.  Any  calculations  of  cratering 
and  ground  motion  for  the  purpose  of  assessing  structures  surviv¬ 
ability/vulnerability  must  begin  with  the  coupling  of  the  source 
into  the  soil;  therefore,  measurements  in  this  region  would  be 
essential  to  verifying  the  calculated  dynamic  soil  loading. 

The  Air  Force  Weapons  Laboratory  has  been  conducting  a  program 
of  analysis,  testing,  and  evaluation  in  an  effort  to  develop 
instrumentation  which  can  make  the  required  soil  stress  and  motion 
measurements.  Included  in  this  program  have  been  investigations 
of  the  Impedance-Mismatch-High-Stress-Transducer  (IMHST)  (ref.  1), 
Thermoelectric-Thermopile-Transducer  (T3)  (ref.  2),  Mutual  Induct¬ 
ance  Particle  Velocimeter  (MIPV)  (ref.  3),  and  waveguide  displace¬ 
ment  system  (ref.  4).  Other  systems,  such  as  the  crescent  velocity 
gage  (ref.  5),  DX  pendulum  velocity  gage  (ref.  6),  electrolytic 
stress  gage  (ref.  7),  and  the  laser  interferrometer  system  (ref.  8) 
were  also  considered  but  did  not  appear  to  have  potential  for  making 
the  required  measurements. 

The  MIPV  was  judged  to  have  the  best  potential  for  providing 
the  soil  motion  measurements,  and  a  development  program  consisting 
of  analyses  and  testing  was  initiated  at  AFWL  in  late  1971.  The 
purpose  of  this  report  is  to  describe  the  significant  analysis  of 
the  MIPV  completed  by  AFWL.  Recent  testing  of  the  MIPV  is  reported 
elsewhere . 

2.  DESCRIPTION 

The  MIPV  consists  of  two  sets  of  rectangular- shaped  loops  of 

« 

wire.  The  gage  is  embeded  in  a  media  (geology,  grout,  epoxy,  etc.) 
of  interest  and  oriented  so  that  the  shock  front  propagates  along 
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its  major  axis.  A  constant  current  is  supplied  to  the  primary  loop, 
and  a  voltage  which  is  proportional  to  the  rate  of  collapse  of  the 
loops  is  induced  in  the  secondary.  Any  number  of  primary  and 
secondary  turns  with  any  desired  grouping  may  be  utilized.  Typical 
gage  designs  have  utilized  alternating  primary  and  secondary  loops. 

Figure  1  is  a  photograph  of  a  design  utilized  in  gas  gun  test¬ 
ing  at  AFWL.  The  loops  are  0.020-inch  diameter  aluminum  wire 
embedded  in  a  strap  of  aluminum-oxide-loaded  polymethylmethacrylate 
(PMMA)  which  electrically  insulates  the  gage  and  holds  the  gage 
dimensions.  A  capacitive  discharge  power  supply  provides  a  constant 
current  pulse  to  the  gage  primary.  The  secondary  is  connected  to 
a  50-ohm  coaxial  cable  which  in  turn  is  terminated  in  50  ohms  at 
the  recording  instrumentation. 

3.  BACKGROUND 

In  1963,  DASA,  presently  called  the  Defense  Nuclear  Agency 
(DNA) ,  awarded  a  contract  to  the  Engineering  Physics  Company 
(EPCO)  for  development  of  a  soil  particle  velocity  gage  for  use 
in  underground  nuclear  tests  (refs.  3,  9,  10,  11).  The  gage  was 
to  have  the  capability  of  making  measurements  in  the  50-  to  1000- 
Kbar  stress  region.  After  considering  several  schemes,  EPCO 
selected  the  mutual  inductance  principle  as  the  most  promising. 
Development  continued  through  1965  and  resulted  in  what  appeared 
to  be  a  reliable  velocity  gage.  The  gage  was  fielded  in  RED  HOT 
(ref.  12)  in  1966  and  DISTANT  PLAIN,  event  VI  (ref.  13)  in  1967 
with  limited  success.  There  has  been  no  further  use  of  the  EPCO- 
designed  gage  since  these  field  tests. 

Stanford  Research  Institute  (SRI)  since  1971  has  been  conducting 
a  program  for  DNA  to  determine  constitutive  relations  in  rocks  and 
soils  by  in-material  stress  and  particle  velocity  measurements  and 
analysis  techniques.  During  the  initial  phase  of  the  program,  SRI 
selected  the  MIPV  as  having  the  best  potential  for  making  the 
required  velocity  measurements  (refs.  14,  15).  Excellent  results 
have  been  obtained  in  gas  gun  and  explosive  tests  (ref.  16),  where 
the  gage  was  evaluated  in  the  stress  range  of  from  a  few  Kbars  to 
40  Kbars.  Recent  fielding  of  the  MIPV  in  ESSEX  (1973-1974)  has 
produced  good  data  in  the  1-  to  10-Kbar  stress  region. 
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During  the  AFWL  development  program,  gages  were  fielded  in 
MIDDLE  GUST  IV  and  V  (ref.  17)  and  in  MIXED  COMPANY  (ref.  18)  which, 
respectively,  were  100-ton  surf ace- tangent ,  20-ton  half-buried, 
and  500-ton  surf ace- tangent  TNT  events.  During  these  tests,  gage 
survivability  well  after  shock  passage  was  demonstrated.  However, 
gage  shortirg  due  to  electrical  breakdown  of  the  gage  insulation 
in  the  150-Kbar  stress  environment  was  observed.  This  dictated 
further  investigation  to  obtain  insulating  materials  which  would 
maintain  their  properties  at  high-stress  levels. 

A  series  of  gas  gun  experiments  was  conducted  at  AFWL  in  1973 
to  evaluate  the  gage  response  in  the  15-  to  50-Kbar  region.  Load¬ 
ing,  unloading,  repeatability,  off-axis  response,  and  self¬ 
generating  response  were  investigated  with  very  good  results. 
Testing  in  explosive  and  hypervelocity  gas  gun  experiments  was 
conducted  during  the  spring  of  1974.  The  results  of  these  tests 

are  to  be  published  in  a  forthcoming  AFWL  technical  report. 

* 

Three  major  analytical  areas  were  investigated  to  provide  an 
improved  understanding  of  the  gage  response  to  the  intense  shock 
environment.  These  analytical  areas,  which  are  the  subject  of 
this  report,  are  presented  in  individual  sections  as  follows: 

Extension  of  Theory  to  Complex  Gage  Designs 

Divergent/Of f -Axis  Flow  Response 

Electromechanical  Modeling 

The  specific  requirements  for  investigating  these  problems  are 
presented  in  introductory  remarks  in  each  section. 
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SECTION  II 

EXTENSION  OF  THEORY  TO  COMPLEX  GAGE  DESIGNS 

The  MIPV  theory  of  operation  developed  by  EPCO  was  applied 
specifically  to  a  single  primary,  multiple  secondary  gage  design 
(ref.  3).  Expressions  were  derived  for  a  rectangular  gage  geometry 
for  calculating  the  gage  mutual  inductance,  M,  and  dM/da,  where 
"a"  is  gage  length  (figure  2).  These  relations  cannot  be  applied 
directly  in  making  calculations  for  gages  consisting  of  multiple 
turns  of  primary  and  secondary  loops  such  as  utilized  in  the  AFWL- 
and  SRI-designed  gages.  A  requirement,  therefore,  existed  to 
extend  the  basic  theory  so  that  gage  parameters  could  be  calculated 
for  a  given  design  prior  to  fabrication.  This  permits  designing  a 
gage  to  meet  the  requirements  of  a  particular  test. 

The  basic  theory  developing  the  expressions  for  mutual  induct¬ 
ance  and  dM/da  will  be  summarized.  The  theory  will  then  be  extended 
to  consider  complex  gagt  designs.  The  results  of  numerical  inves¬ 
tigation  of  the  effects  of  changing  gage  design  parameters  upon 
sensitivity  will  be  presented,  and  design  parameters  will  be 
tabulated  for  several  designs. 

1.  BASIC  THEORY 

Consider  the  simple  model  of  the  velocity  gage  shown  in 
figure  2.  If  the  nagnetic  flux,  linking  the  secondary  loop 
changes,  a  voltage,  E,  will  be  induced  in  the  secondary  that  is 
equal  to  the  negative  time  rate  of  change  of  the  magnetic  flux 
such  that 


d<?> 

at 


a) 


The  magnetic  flux  through  the  surface  of  the  gage  secondary 
(in  the  x-y  plane)  may  be  expressed  in  terms  of  the  magnetic  flux 
density, 
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Figure  2.  Mutual  Inductance  Particle  Velocimeter  Nomenclature 


where  dS  is  an  element  of  area  of  the  surface. 

A  vector,  X,  the  magnetic  vector  potential,  may  be  defined  such 

that 

(V*X)  H  X  (3) 


Applying  Stokes'  theorem. 


where  d$s  is  an  increment  of  length  along  the  secondary  loop. 
Equations  (1)  through  (4)  may  be  combined  to  obtain  the  induced 
voltage  in  terms  of  the  magnetic  vector  potential 


(5) 


The  magnetic  vector  potential  at  any  point,  Q,  on  the  secondary  is 


where 

UQ  is  the  magnetic  permeability  of  air 
I  is  the  primary  loop  current 
dip  is  an  element  of  length  along  the  primary  loop 
d  is  the  distance  from  point  Q  to  the  element  dtp 
Combining  equations  (5)  and  (6)  , 


Since  by  definition  the  mutual  inductance  is  the  flux  in  the 
secondary  per  unit  current  in  the  primary, 

«  =  MI 


and 


M 


(8) 
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which  is  seen  to  be  simply  a  function  of  geometry.  Equation  (7) 
may  then  be  rewritten  as 


d^MI ) 


(9) 


if  we  require  that  the  current  be  held  constant,  then 

T  dM 


E  = 


ar 


(10) 


Consider  figure  3  where  a  plane  shock  wave  propagates  down  the 
gage  major  axis,  x,  at  a  shock  velocity,  c.  Assuming  that  the 
loops  flow  with  the  media  at  the  particle  velocity,  u,  it  is 
apparent  that 


u 


da 

3t 


Expanding  the  term  dM/dt 


dM  =  dM  da 

ar  air  ar 


The  expression  for  the  secondary  induced  voltage  now  becomes 

(ID 


n  T  dM 

E  =  1  3a  u 


recalling  that  M  is  defined  by  equation  (8).  EPCO  obtained  a 
closed  form  solution  to  equation  (8)  in  terms  of  generalized  gage 
dimensions  (ref.  3).  Their  result  is  repeated  here  as  equation 
(12). 


M  =  TT 


2r  -2^rz  +  b2'  -2  Jr2  +  a 2  +2  ^r  2  +  b2+a2 


+  a  In 


»  ■« 

r  -| 

Jr2+b2  (a+^r2  +  a2) 

+  b  In 

^r2+a2'(b+  \/r2+b2) 

r(a+  ^r2  +  b2+a2) 

r(b+/r"2  +  b2  +  a2’) 

(12) 


i  «; 


1 


3  J 
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Figure  3.  MIPV  Undergoing  Deformation  Due  to  Shock 

where  the  nomenclature  of  figure  2  applies.  Differentiating  with 
respect  to  "a," 


dM  .  ^  ^  (  \jr2  +  b2 )  (a+^a2+r2)  t 
37  ’  71  (r(aWa2+b2  +  r2')) 


(13) 


Equations  (12)  and  (13)  permit  calculation  of  gage  parameters  for 
simple  geometries  consisting  of  a  constant  distance,  r,  between 
primary  and  secondary  loops.  This  would  be  possible  for  a  single 
primary,  multiple  secondary  (or  vice  versa)  design  such  as  that 
of  EPCO . 

There  is  no  way  known  to  measure  the  term  dM/da  for  a  given 
gage  design.  To  establish  confidence  in  the  gage  sensitivity, 
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some  method  of  experimentally  determining  the  magnitude  of  dM/da 
is  required.  EPCO  noted  that  by  assuming 


M  dM 
a  “  3a 


(14) 


an  experimental  estimation  of  dM/da  could  be  obtained  simply  by 
measuring  the  gage  mutual  inductance  and  length.  Numerical  inves¬ 
tigations  indicated  that  for  a  gage  whose  length  was  10  to  15  times 
greater  than  the  width,  the  difference  between  M/a  and  dM/da  was 
less  than  =5  percent.  Further  improvements  to  the  determination 
of  dM/da  are  obtained  by  applying  the  error  term  as  a  correction 
factor.  The  correction  factor,  n,  is  defined  as 


n 


dM  _  M 
3a  a  _ 

~~m — 

3a 


M 

~3W 
a  31 


(15) 


and  dM/da  is  expressed  as 


dM  =  M  1 
3a  a  (l -n) 


(16) 


In  equation  (15)  M  and  dM/da  are  calculated  values  from  equations 
(12)  and  (13)  ,  respectively.  In  equation  (lb)  M  and  "a"  are 
measured  values.  This  method  of  using  a  calculated  factor  (n)  to 
correct  measured  parameters  (M/a)  is  applicable  providing  the  calcu¬ 
lated  and  measured  values  of  M  agree  very  closely.  As  will  be  shown 
later,  this  has  routinely  been  the  case. 

Extension  of  the  previous  analysis  is  required  to  calculate  n 
for  more  complex  geometries. 

2.  EXTENSION  OF  THEORY  FOR  COMPLEX  GAGE  GEOMETRIES 

Consider  a  gage  geometry  consisting  of  m  primary  and  n  second¬ 
ary  turns.  For  the  i th  primary  turn  and  j th  secondary  turn,  the 
mutual  inductance  is  M—  and  the  total  gage  mutual  inductance  M, 
may  be  expressed  as 


17 


AFWL-TR- 74- 205 


M 


(17) 

i 

\ 


1 

As  an  example,  consider  the  4-primary,  3-secondary  turn  design 
depicted  in  figure  4. 


4 


r 


Primary  Turns 


j 


Q  Secondary  Turns 


Figure  4.  Cross  Section  of  MIPV  Loops,  Type  I  Gage 


The  mutual  inductance  is  calculated  as 


M  t,  Mij 

i-1  j-1 


=  M 

+ 

M  + 

M  + 

M  + 

M  + 

M 

1 1 

1  2 

1  3 

2  1 

2  2 

2  3 

+ 

M 

+  M 

+  M 

+  M 

+  M 

+  M 

31  32  33  41  42  43 


Note  that  due  to  the  same  distance,  r,  between  loops. 


M  =  M  = 
11  2  1 


M  =  M  -  M  =  M 

22  32  33  43 


M  =  M  =  M  =  M  ,  and 

1  2  2  3  3  1  *  2 


M  =  M 

13  4  1 
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The  mutual  inductance  may  then  be  expressed  as 


M  »  6M  +  4M  +  2M 

11  12  13 


In  this  case,  by  calculating  the  mutual  inductances  ^ ,  M^,  and 
M  with  equation  (12)  utilizing  the  distances  r  ,  r  ,  and  r  , 
the  total  gage  mutual  inductance  may  be  calculated.  By  requiring 
that  the  loops  be  separated  by  the  same  distances  and  specifying 
that  there  is  one  more  primary  turn  than  secondary  turn,  the 
generalized  expression  for  gages  with  alternating  primary  and 
secondary  turns  is 


=  £  £n+m+l  -2  j j  Mj j 


Recalling  equation  (15)  and  substituting  equations  (16)  and  (17), 


■a  i 


m  n 


n  =  1  - 


E  E  M.. 
i=l  j=l  1J 

m  n  m.  . 

E  E  r1 

i-l  J=1  1_nij 


(19) 


where 


M.  . 

n..  -  1  -  -ii— 
dM. 


-Si 


and  dM— /da  is  calculated  from  equation  (13).  Utilizing  equation 
(18)  in  equation  (19), 
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(20) 


which  applies  to  the  same  geometry  as  that  associated  with  equation 
(18).  A  more  general  expression  for  n  would  utilize  equation  f  1 7 ) 
in  equation  (15),  resulting  in 


n  m 


i  i 


M.  . 


dM.  . 


.*—L  Aa 

1=1  J  =  1  aa 


(21) 


Considering  the  example  from  before  (figure  4)  , 


6M  +  4M  +  2M 


n  =  l 


1 1 


X  2 _ X  3 


dM  3M  3M 

6  — LL  +  4  +2  13 


da 


da 


Equations  (11)  and  (16)  may  be  combined  to  define  a  term,  gage 
factor,  GF,  such  that 


GF 


(22) 


where 


M  is  measured  mutual  inductance,  henries 
a  is  measured  length,  meters 
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n  is  calculated  from  equation  (21) 

GF  has  the  units  volts/amp  •  mps  but  is  more  conveniently 
expressed  as  mv/(amp  •  mm/psec) 

Thus  during  a  test,  two  measurements,  secondary  output  voltage  and 
primary  current,  must  be  made  to  obtain  particle  velocity. 

3.  NUMERICAL  RESULTS 

A  generalized  computer  code  (DSIN1,  appendix  A)  calculates 
gage  mutual  inductance,  gage  factor,  and  error  term  (or  correction 
factor)  for  gages  utilizing  alternating  primary  and  secondary  turns. 
This  will  be  referred  to  as  the  Type  I  gage.  A  specialized  code 
(DSIN2,  appendix  A)  calculates  the  same  parameters  for  the  designs 
shown  in  figure  5.  This  will  be  referred  to  as  the  Type  II  gage. 
Numerical  results  for  a  variety  of  designs  for  each  type  gage  are 
tabulated  in  appendix  A. 
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Figure  5.  Cross  Sections  of  MIPV  Loops,  Type  II  Design 

a.  Comparison  of  Calculated  and  Measured  Mutual  Inductance 

Table  1  shows  the  results  of  calculations  made  for  gages 
designed  for  fielding  in  MIXED  COMPANY,  a  500-ton  TNT  event. 
Measured  values  of  mutual  inductance  are  compared  with  the 
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calculated  values  and  the  error  between  the  two  indicated.  Induct¬ 
ance  measurements  were  made  with  a  GR  Type  1632-A  Inductance  Bridge. 
The  slight  variation  in  measured  values  is  primarily  due  to  slight 
variations  in  length  between  individual  gages  which  results  from 
the  fabrication  technique.  For  gages  which  have  a  length- to-width 
ratio,  a/b,  greater  than  approximately  S,  the  mutual  inductance 
essentially  varies  directly  with  length.  Therefore,  by  considering 
the  individual  gage  length  and  controlling  other  gage  dimensions,  a 
very  accurate  value  of  the  gage  factor,  which,  as  will  be  shown,  is 
essentially  independent  of  gage  length,  may  be  determined.  The 
results  of  table  1  are  typical,  i.e.,  gages  can  be  constructed 
routinely  to  within  less  than  1  percent  design  gage  factor. 

Table  1 

COMPARISON  OF  MEASURED  AND  CALCULATED  VALUES  OF 
MUTUAL  INDUCTANCE  FOR  MIXED  COMPANY  GAGES 


Gage 

No. 

Measured  mutual 
inductance  (yh) 

Calculated  mutual 
inductance  (yh) 

Error 

m 

1 

4.411 

4.356 

1.2 

2 

4.385 

4.356 

0.6 

3 

4.398 

4.356 

0.9 

4 

4.386 

4.356 

0.6 

b.  Parametric  Analysis 

Figures  6  and  7  show  the  influence  upon  gage  factor  of 
varying  gage  width,  spacing  between  turns,  and  number  of  primary 
and  secondary  turns  for  typical  Type  I  gage  designs.  The  results 
are  not  unexpected,  i.e.,  increasing  gage  width,  increasing  number 
of  turns,  and  decreasing  loop  spacing  all  result  in  increased  gage 
factor. 

Since,  as  shown  in  figure  6,  a  wide  range  of  gage  factors  is 
available,  the  gage  may  be  used  over  a  wide  range  of  particle  velocity 
inputs  and  still  produce  measurable  signals.  For  instance,  a  signal 
of  400  mv  is  produced  for  a  0.1-mm/ysec  velocity  input  (s  5  Kbar) 
with  a  gage  factor  of  40  mv/(amp  •  mm/ysec)  and  100  amperes  current 
in  the  primary.  For  applications  in  the  stress  region  above  100 
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Kbar,  the  particle  velocity  would  generally  be  greater  than 
1  mm/psec,  and  signals  above  2  volts  are  easily  obtainable. 

Note  in  figure  7  that  loop  spacing  has  a  relatively  small 
influence  upon  gage  factor.  This  would  suggest  that  one  would  be 
free  to  choose  from  a  wide  range  of  wire  diameters  without 
seriously  affecting  gage  factor.  Past  designs  by  AFWL  have 
utilized  wire  diameters  varying  from  0.020  to  0.0625  inch.  Loop 
spacing  is  generally  2  to  2.5  times  the  wire  diameter  to  ensure 
adequate  separation  to  prevent  mechanical  contact  and  hence 
electrical  shorting  between  loops.  Typical  designs  employ  spacings 
ranging  from  around  0.040  to  0.160  inch. 

In  many  geologies  at  very  high  stress  levels  and  for  long 
duration  stress  pulses,  a  gage  deformation  of  up  to  50  percent  may 
be  experienced  during  the  shock  transit.  This  introduces  questions 
as  to  the  influence  of  changing  gage  length  upon  gage  factor.  The 
numerical  results  shown  in  figure  8  indicate  that  certain  geomet¬ 
rical  limitations  do  exist,  beyond  which  the  gage  factor  would 
undergo  significant  changes.  For  a  length-to-width  ratio  greater 
than  4  or  5,  the  gage  factor  for  this  design  (which  is  typical)  is 
constant  within  0.5  percent.  Therefore,  a  gage  of  any  desired 
length  might  be  utilized,  as  long  as  the  length-to-width  ratio 
after  shock  transit  did  not  decrease  below  4  or  5.  ’ 

The  correction  factor,  n,  is  plotted  in  figure  8  to  clarify 
its  role  in  determining  gage  factor.  Note  that  as  a/b  decreases, 
large  changes  in  the  value  of  n  result.  This  is  of  little  consequence 
since  the  proper  application  of  n  is  in  determining  the  initial  value 
of  the  gage  factor.  The  results  of  figure  8  clearly  indicate  a 
constant  gage  factor  for  a/b  >  5  even  though  n  is  obviously  changing. 

c.  Comparison  of  Type  I  and  Type  II  Gages 

To  form  a  basis  for  a  detailed  comparison  of  the  Type  I  and 
Type  II  gages,  many  factors  such  as  desired  signal  rise  time,  record¬ 
ing  duration,  stress  and  particle  velocity,  geology,  and  type  and 
length  of  cables  must  be  considered.  This,  however,  would  be  a  very 
involved  discussion  and  beyond  the  intent  of  this  analysis.  There¬ 
fore,  a  simple  comparison  is  made  which  illustrates  how  one  of  the 
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Figure  8.  Variation  of  Gage  Factor  and  n  with  Gage 
Length- to-Width  Ratio  for  a  Typical  Type  I  Gage  Design 


designs  can  be  used  to  advantage.  In  general,  an  analysis  based 
upon  the  requirements  of  a  particular  test  would  be  required  to 
identify  the  most  favorable  design. 

Consider  figure  9  where  it  has  been  specified  that  loop 
set  A  in  the  Type  II  gage  is  the  secondary,  and  the  definitions 
set  forth  in  figures  4  and  5  apply.  Significant  increases  in  gage 
factor  are  available  with  the  Type  II  gage  without  increasing  the 
number  of  secondary  turns.  This  is  important  in  that  likewise  there 
will  be  no  increase  in  the  secondary  self - inductance  and  thus  no 
increase  in  electrical  rise  time.  This  advantage  would  be  partic¬ 
ularly  important  in  improving  the  rise  time  performance  for  gages 
designed  for  the  low  kilobar  stress  region  where  a  large  gage 
factor,  and  hence  many  primary  and  secondary  turns,  are  required. 

4 .  SUMMARY 

Gages  of  any  desired  design  may  be  fabricated  routinely  to 
within  1  percent  of  the  design  gage  factor.  In  the  Type  II  gage 
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significant  increases  in  gage  factor  are  available  without  affect¬ 
ing  gage  rise  time.  A  complete  analysis  would  be  required  to 
determine  the  optimum  gage  design  to  meet  the  requirements  of  a 
particular  experiment. 

Considering  only  the  requirement  for  a  constant  gage  factor 
during  gage  deformation,  any  length  gage  may  be  chosen  as  long  as 
a/b  >  5  after  shock  transit. 


Secondary  Turns,  Type  I  Gage 

Secondary  Turns,  Loop  Set  A,  Type  Ii  Gage 


Figure  9.  Comparison  of  Types  I  and  II  Gages 
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SECTION  III 

OFF-AXIS  DIVERGENT  FLOW  RESPONSE 

The  theory  previously  presented  in  section  II  was  based  upon 
one-dimensional  flow  along  the  major  axis  (x-axis)  of  the  gage. 

This  environment  is  easily  created  in  laboratory- type  experiments 
utilizing  flyer  plates  or  plane  wave  explosive  lenses,  and  in  fact 
these  types  of  experiments  are  very  useful  in  comparing  the  gage 
experimental  and  theoretical  responses.  However,  in  large-scale 
TNT  or  nuclear  events,  the  flow  field  will  likely  be  oriented  off 
the  gage  major  axis  and  be  spherical  in  nature.  Flow  components  in 
the  y  or  z  directions  will  clearly  distort  the  gage  geometry  and 
consequently  change  the  gage  mutual  inductance.  The  end  result  is 
a  response  which  is  not  totally  defined  by  the  one-dimensional, 
on-axis  analysis.  To  establish  the  usefulness  of  the  mutual  induc¬ 
tance  particle  velocimeter  as  a  field  gage,  it  is  necessary  to 
investigate  the  sensitivity  of  the  gage  to  nonideal  flow  effects. 

1.  DEVELOPMENT  OF  COMPUTER  MODEL 

A  simplified  gage  design,  consisting  of  one  primary  and  one 
secondary  turn,  is  chosen  to  reduce  the  computation  time  which 
becomes  prohibitive  for  multiple  turn  designs.  The  geometry  of 
the  problem  is  shown  in  figure  10,  where  the  coordinate  system 
origin  is  located  at  the  center  of  the  front  end  of  the  gage,  and 
the  source  is  located  at  some  selected  position  (xs>ys>zs)  ahead  of 
tiie  gage.  A  spherical  shock  front  propagates  at  a  velocity  c,  and 
behind  the  shock  front  the  material  flows  outwardly  at  a  velocity 
u,  along  radial  lines  emanating  from  the  source.  Typical  values 
of  u  and  c  are  chosen  to  simulate  realistic  field  conditions.  A 
step  particle  velocity  is  chosen  to  investigate  the  worst  case 
and  to  simplify  the  calculations.  The  conservative  relations  would 
not  allow  an  actual  step  in  particle  velocity  for  constant  stress 
loading  at  the  source  of  the  spherical  flow.  However,  where  the 
spherical  flow  approximates  one-dimensional  flow  (source  at  a 
relatively  large  distance  from  the  gage),  this  is  a  good  approxi¬ 
mation. 
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As  shown  in  figure  10,  the  gage  primary  and  secondary  are 
divided  into  small  segments.  Time  is  stepped  in  increments  of  At, 
and  as  the  shock  front  propagates  through  the  gage,  the  segment 
positions  are  calculated.  At  selected  intervals,  the  gage  mutual 
inductance  is  calculated,  resulting  in  the  mutual  inductance  time 
history,  M(t).  By  numerically  differentiating  M(t)  with  respect 
to  time 


a  Mt*(U  ‘  Mt-at 
Mt - m - 

M(t)  is  determined.  M(t)  is  then  multiplied  by  the  current 
(assumed  constant)  to  give  the  gage  output  voltage  E(t).  This 
output  is  then  compared  with  the  one-dimensional,  on-axis  response 
calculated  by  equation  (11). 

The  mutual  inductance  is  determined  at  each  time  increment  by 
first  calculating  the  magnetic  vector  potential  at  each  segment 
midpoint  on  the  secondary  utilizing  the  finite  difference  form  of 
equation  (6) 


(23) 


and  then  using  the  relationship 

M  =  *  S  X-tt  (24) 

1  S 


which  results  from  equation  (23)  and  the  finite  difference  form  of 
equation  (8) . 

A  computer  code,  DIVE,  was  developed  to  make  the  calculations. 
This  code  is  listed  in  appendix  B. 
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2.  SUMMARY  OF  NUMERICAL  RESULTS 

Initial  numerical  investigation  of  the  problem  involved  select¬ 
ing  time  increments  and  number  of  primary  and  secondary  segments 
which  would  minimize  the  computation  time  while  providing  a 
reasonable  accuracy  in  the  numerical  results.  M  for  the  real  flow 
model  is  calculated  by  placing  the  source  on-axis  and  at  a  great 
distance  so  that  one-dimensional  flow  is  approximated.  It  is  then 
legitimate  to  compare  the  ideal  and  real  flow  results  for  the 
purpose  of  determining  computational  accuracy.  The  result  was  a 
gage  consisting  of  868  segments  for  each  loop.  The  difference  in 
the  numerically  calculated  mutual  inductance  and  that  determined 
from  equation  (12)  was  approximately  0.008  percent.  The  difference 
in  the  numerically  calculated  A  and  the  ideal  M  was  less  than  0.2 
percent.  It  is  apparent  that  the  errors  due  to  the  finite  elements 
are  insignificant  and  may  be  neglected. 

All  numerical  results  are  based  upon  the  following  gage  design 
and  flow  environment: 

Gage  length  -  19,5  inches 

Gage  width  -  1.5  inches 

Loop  spacing  -  0.080  inch 

Primary  turns  -  1 

Secondary  turns  -  1 

Shock  velocity  -  4000  meters  per  second 

Particle  velocity  -  2000  meters  per  second 

The  values  of  the  shock  and  particle  velocities  are  important 
here  only  in  their  relative  magnitudes.  A  worst  case  of  c/u  =  2 
is  selected  here,  where  the  case  of  very  high  pressure  (over  500 
Kbar)  in  geologic  materials  is  approximated.  At  lower  pressures 
c/u  —  3. 

As  a  first  analysis  of  the  real  flow  effects,  it  is  considered 
sufficient  to  investigate  only  the  single  gage  geometry  described 
above.  The  expense  of  expanding  the  effort  to  include  other 
geometries  is  not  justifiable,  since  it  is  intended  here  only  to 
show  the  general  effects  of  the  real  flow  upon  a  typical  gage 
design. 
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The  effects  of  divergent  flow  are  shown  in  figure  11.  Here 
the  results  are  shown  as  a  percentage  error  in  gage  response  as 
a  function  of  time.  The  source  is  located  on  the  gage  centerline 
in  each  case.  Note  that  for  a  source  position  as  close  as  1/2  meter, 
the  error  in  gage  output  is  less  than  -2  percent  and  for  5  meters 
and  beyond  is  less  than  -0.2  percent.  Generally,  it  may  be  con¬ 
cluded  that  for  anticipated  field  flow  environments,  the  error 
generated  due  to  spherical  flow  is  negligible. 

Figures  12  through  16  show  the  off-axis  response  of  the  gage 
in  terms  of  the  output  of  the  gage,  normalized  by  the  ideal  output. 
Source  radius  was  located  at  5  meters  in  every  case  to  observe 
only  the  off-axis  effects.  The  two  major  effects  are  identified 
clearly  in  figures  12  and  13. 

In  figure  12  the  angle  off  in  the  x-z  plane,  0,  is  held  at 
zero,  while  the  source  position  is  varied  by  the  angle  y  in  the 
x-y  plane.  The  obvious  effect  is  an  increase  in  rise  time  and 
slight  overshoot  before  returning  to  essentially  a  constant  level 
slightly  below  ideal.  For  y  /  0,  a  finite  time  interval  is 
required  for  the  shock  to  transverse  the  front  of  the  gage,  and 
hence  the  increasing  rise  time  with  increasing  y  is  observed. 

Further  analysis  would  lead  to  the  intuitive  notion  that  the 
output  of  the  gage  would  be  reduced  in  proportion  to  the  angle  y, 
or  simply,  to  the  x  component  of  the  particle  velocity  u  ,  where 

ux  =  u  cos  y 

However,  this  is  not  the  case  as  seen  in  figure  17,  where  the 
normalized  velocity  is  compared  with  ux .  It  is  apparent  that 
there  must  be  some  compensating  effects  to  explain  the  discrepancy. 
Observe  in  figure  18  the  nature  of  the  gage  deformation.  Since 
shock  arrival  occurs  at  one  side  of  the  gage  prior  to  the  other, 
the  gage  width  is  reduced  somewhat  behind  the  shock  front.  The 
effect  is  to  decrease  the  mutual  inductance  with  time  and  hence 
results  in  an  additional  positive  output  voltage  in  the  gage 
secondary.  The  result  is  that,  except  for  the  early  time  peak,  the 
gage  is  relatively  insensitive  to  off-axis  flow  in  the  x-y  plane. 
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In  figure  13  the  shock  propagation  is  off-axis  by  the  angle  6 
in  the  x-z  plane,  while  y  =  0.  The  gage  rise  time  is  relatively 
unaffected,  while  the  level  is  significantly  influenced.  It  must 
be  pointed  out  that  for  multiple  primary  and  secondary  turns,  the 
z  dimension  will  be  much  greater,  and  hence,  the  rise  time  would 
also  be  increased. 

Comparing  the  gage  response  with  ux  in  figure  17,  an  error  in 
gage  response  much  greater  than  anticipated  is  observed.  This  is 
explained  by  considering  figure  19.  Note  that  as  the  gage  deforms, 
its  orientation  relative  to  the  shock  front  propagation  direction 
changes  so  that  the  effective  component  of  u  down  the  deflected 
gage  axis  is  not  u  cos  8  but  rather  u  cos  (0  +  e)  .  In  figure  17 
cos  (0+e)  has  been  plotted,  and  we  see  that  it  conforms  fairly  well 
with  the  actual  gage  response,  especially  for  0  20  degrees.  The 

angle  e  is  obviously  a  function  of  the  ratio  of  c/u,  therefore,  as 
c/u  increases,  e  would,  for  a  given  6,  decrease.  Again,  for 
c/u  *  2,  the  worst  case  results. 
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Figure  19.  Gage  Undergoing  Deformation  for  Off-Axis  Shock,  y=0,  0/0 
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The  intention  of  figures  17,  18,  and  19  and  the  related  discus¬ 
sion  is  to  attempt  a  logical  explanation  of  the  numerical  results 
and  provide  an  improved  intuitive  feeling  for  the  gage  response. 

The  remaining  data  in  figures  14,  15,  and  16  show  the  gage  response 
for  various  combinations  of  0  and  y.  As  might  be  expected,  it  is 
observed  that  the  effects  protrayed  in  figures  12  and  13  combine  to 
provide  the  results  of  figures  14,  15,  and  16. 

3 .  SUMMARY 

The  results  of  the  numerical  investigation  of  the  off-axis/ 
divergent  flow  response  are  summarized  as  follows: 

a.  For  anticipated  field  flow  environments,  the  error  gener¬ 
ated  due  to  spherical  flow  is  negligible. 

b.  The  gage  is  relatively  insensitive  to  off-axis  flow  in  the 
x-y  plane,  the  error  induced  being  approximately  equal  to  1/2 

(1  -  cos  y)  .  However,  off-axis  flow  in  the  x-z  plane  results  in 
much  larger  errors  approximately  equal  to  3  (1  -  cos  0).  An 
immediate  result  is  that  if  in  a  field  test  there  is  a  plane  in 
which  the  uncertainty  in  shock  propagation  direction  is  a  maximum, 
then  the  preferred  orientation  of  the  gage  is  with  the  x-y  plane 
aligned  with  the  plane  of  uncertainty. 
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SECTION  IV 

ELECTROMECHANICAL  MODELING 

The  development  in  section  II  leading  to  equation  (11),  the 
expression  for  the  gage  output  voltage,  was  based  upon  the  assump¬ 
tions  that  the  media  and  gage  flow  were  ideal,  i.e.,  one-dimensional 
and  aligned  with  the  gage  major  axis  and  that  no  electrical  param¬ 
eters  other  than  the  gage  mutual  inductance  were  changing.  The 
nonideal  flow  effects  were  investigated  in  section  III.  In  this 
section  the  effects  of  nonideal  electrical  behavior  are  treated. 

It  is  obvious  that  as  the  gage  shortens,  the  primary  and 
secondary  self- inductances  will  decrease.  Also,  the  gage  resist¬ 
ance  will  change  due  to  the  very  high  stress  behind  the  shock 
from  .  These  effects  are  totally  ignored  in  the  analysis  of 
section  II  and  must  be  considered  separately.  The  approach  is  to 
evaluate  the  effects  of  changes  in  self-inductance  and  resistance 
on  gage  response  and,  by  proper  circuit  design,  control  the  effects 
so  that  equation  (11)  adequately  describes  the  gage  response. 

1.  PREVIOUS  WORK 

The  Engineering  Physics  Company,  during  their  development 
program,  performed  a  detailed  analysis  of  the  error  generated  in 
the  gage  output  by  changes  in  self - inductance  and  resistance  in 
the  gage  primary  (ref.  10).  A  closed  form  solution  was  obtained 
for  a  model  utilizing  a  voltage  source  as  the  power  supply.  The 
solution  was  developed  by  linearizing  the  differential  equations, 
neglecting  self-inductance  and  resistance  changes  in  the  secondary, 
and  making  other  simplifications. 

An  analysis  was  performed  (ref.  16)  that  used  a  simplified 
voltage  source  model,  linearized  equations,  and  neglected  resist¬ 
ance  changes  in  the  gage.  This  is  an  adequate  model  for  applica¬ 
tions  in  the  low  Kbar  stress  region. 

Neither  of  these  analyses  were  considered  completely  adequate 
for  application  in  the  very  high-pressure  region  because  of  the 
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approximations  used.  A  more  detailed  model  was  required  that  would 
consider  inductance  and  resistance  changes  in  the  primary  and 
secondary.  Additionally,  it  was  desirable  to  incorporate  a  capaci¬ 
tive  discharge  power  supply  in  the  model. 

2.  ELECTROMECHANICAL  MODEL 

A  simplified  schematic  of  the  power  supply  and  gage,  assuming 
an  open  secondary,  is  shown  in  figure  20.  The  elements  Lq  and  RQ 
are  controllable  parameters  used  to  minimize  the  undesired  effects 
of  changes  in  self-inductance  and  resistance  in  the  gage  loops. 

The  basic  problem  is  to  determine  the  proper  values  for  Lq  and  Rq 
for  a  given  gage  design  under  some  specified  test  conditions.  The 
circuit  in  figure  20  is  described  by  a  set  of  nonlinear  differen¬ 
tial  equations  with  •  time-varying  coefficients  which  are  not  amenable 
to  closed  form  solution  by  conventional  methods. 

a.  Approach 

The  approach  taken  in  obtaining  a  solution  is  to  determine 
a  set  of  first  order  differential  equations  in  the  normal  form 
(state  variable  equations)  that  will  describe  the  electrical  model. 
Given  initial  conditions,  these  equations  may  then  be  solved  to 
obtain  numerical  results.  Due  to  the  ease  with  which  more  complex 
models  may  be  handled  by  this  method,  it  is  possible  to  utilize  a 
detailed  model  of  the  gage  that  introduces  as  few  assumptions  as 
practical . 

The  electrical  network  that  models  the  system  is  shown  in 
figure  21.  Elements  2,  6,  12,  and  13  represent  the  power  supply; 
elements  1,  10,  and  11  represent  the  primary  cable  capacitance, 
control  resistance,  and  inductance;  the  gage  consists  of  elements 
5,  9,  4,  and  8;  and  elements  7  and  3  represent  the  secondary  line 
cable  capacitance  and  termination  resistance.  In  the  network,  it 
is  assumed  that  the  distributed  parameters  may  be  lumped.  It  now 
remains  to  determine  the  appropriate  mathematical  model  that 
describes  the  network. 

b.  State  Variable  Equations 

Stern  (ref.  19)  describes  the  procedures  for  applying  the 
linear  graph  and  electrical  network  theory  of  Seshu  and  Reed  (ref. 
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Figure  20.  Simplified  Schematic  of  Power  Supply  and  Velocity 

Gage  with  Open  Secondary 


Figure  21.  Electrical  Network  of  Velocity  Measuring  System 
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20)  to  determine  the  linearly  independent  loop  and  node  equations, 
equations  (23)  through  (35),  which  mathematically  describe  the 
network.  A  graph  of  the  network  is  shown  in  figure  22.  The  equa¬ 
tions  are  based  upon  the  choice  of  the  sign  convention  shown  in 
figure  21  and  the  tree  of  the  graph  shown  in  figure  22. 


Figure  22.  Graph  of  Network  Shown  in  Figure  21,  Tree 
Indicated  by  Solid  Lines,  Branches  by  Dashed  Lines 
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The  tree  branch  charges,  q^,  q^,  and  q  ,  and  chord  flux 
linkages,  A^  and  A^,  are  chosen  as  state  variables.  By  applying 
the  basic  relations 


Ce, 

q  c  i* 

Li, 

A  ■  e, 

iR, 

to  equations  (27)  through  (31),  expressions  for  the  state  variables 
may  be  obtained  resulting  in 


A  =  e  + 

e 

(36) 

4 

7 

8 

A  -  e 

e  -  e  -  e 

(37) 
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9  10  11 

q  *-i 
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(38) 
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2  13  5 

q  =  -  i  - 

i 

(39) 

7 

3 

4 

q  =  i 

12  13 

(40) 

The  basic  relations  are  then  applied  throughout,  except  for 
elements  4  and  5  where  the  coupling  relations 


A  =  L  i  +  M  i 

4  4  4  S 


A  =  L  i  +  M  i 

5  5  5  4 


apply  in  reducing  the  state  variable  equations  to  the  form 
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x  -  f(x,t) 

The  resulting  equations  are 


X 

4 


(41) 


X 

s 


err 


D 

T 


1 1 


(42) 


r  c< 

c  ♦  c 


6  1 


6  A 

nr 

6  2 


w~  ( 

1  3  ' 


qs 
e 


+ 


1 

n 


(43) 


7 

m 

3  7 


q 


1  2 


c 

6 


(44) 
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where 

D  =  L  L  -  M2 

4  5 

D  =  L  L  +  L  L  -  2  MM 

4  5  5  4 
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c.  Time-Varying  Parameters 

Note  that  the  state  variable  equations  are  functions  of 
the  time-varying  circuit  elements  L  ,  L  ,  R  ,  and  R  and  also  L 

**5*94 

and  L^.  To  proceed  with  a  solution,  expressions  must  be  obtained 
for  each  of  these  variables.  An  analysis  of  the  physical  model  is 
necessary  to  determine  these  relationships. 

A  step  stress  and  particle  velocity  and  constant  shock 
velocity  are  assumed  for  the  physical  input  parameters.  Figure  23 
depicts  the  gage  deformation,  Aa,  as  a  result  of  the  particle 
velocity,  u. 

For  typical  gage  designs,  where  the  length  is  greater  than 
five  times  the  width,  the  self - inductance  is  essentially  propor¬ 
tional  to  the  length,  and  the  inductance-per-unit- length  is 
independent  of  gage  length.  Therefore,  the  self - inductance  may  be 
expressed  as 


L  =  Lq  (l  +  Aa/aQj  ,  Aa  <  0  (46) 

where  LQ  is  the  initial  self - inductance ,  and  aQ  is  the  initial  gage 
length.  Lq  is  calculated  by  extrapolation  of  the  data  of  reference 
21  or  by  measurements  on  actual  gages. 

Differentiating  equation  (46)  with  respect  to  time  gives 

L  -  Lo  [a/ac]  =  [Lo/ao]  (47) 

which  is  seen  to  be  constant  for  a  step  velocity  input. 

The  expression  for  resistance  variations  may  be  determined 
by  considering  the  portion  of  the  gage  behind  the  shock  exposed  to 
high  stress  and  the  resistance  change  that  is  associated  with  that 
stress  level.  The  situation  is  described  in  figure  24,  where  no 
consideration  is  given  to  gage  deformation.  For  an  initial  undis¬ 
turbed  gage  resistance  of  R  ,  length  a,  and  width  b,  the  resistance 
per  unit  length  is 


Rq/ 2 (a  +  b) 
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The  length  of  the  shocked  portion  of  the  gage  is 

b  »  2  xc 

where  xc  is  the  shock  position  relative  to  the  position  of  the 
front  of  the  gage  prior  to  shock  arrival.  The  remaining  length  is 

b  +  2  (a  -  xcj 

By  assuming  that  behind  the  shock  the  gage  resistance  is  changed 
by  a  factor  K,  the  expression  for  the  total  gage  resistance  is  seen 
to  be 


R  -  wrhn  [b  *  2(a  -  *c)  *  K(b  *  2  *c)]  (48) 

Equations  (47)  and  (48)  apply  to  both  the  primary  and 
secondary  loops  in  the  gage. 

Appendix  C  presents  a  study  of  various  conductor  materials 
as  applied  in  the  MIPV.  Included  in  this  study  is  information  on 
the  variation  of  resistance  with  stress  level. 

3.  NUMERICAL  RESULTS 

Computer  calculations  were  made  to  investigate  this  problem 
on  an  AFWL  CDC  6600  utilizing  a  modified  Rung- Kutta-Gill/Adams- 
Moulton  method  variable  step  size  integration  routine  (ELMEK, 
appendix  D) .  First,  the  program  was  run  to  simulate  power  supply 
turn-on  and  allow  sufficient  time  for  the  transients  induced  in 
the  gage  secondary  to  decay.  The  shock  was  numerically  positioned 
well  away  from  the  gage  so  that  only  the  turn-on  effects  were 
present.  Then  the  final  conditions  were  input  as  initial  conditions 
and  runs  made  to  observe  the  gage  response  to  the  shock. 

The  equations  were  found  to  be  quite  sensitive  around  the  turn¬ 
on  initial  conditions,  with  the  automatic  step  size  feature  con¬ 
verging  to  less  than  10-nanosecond  steps  during  start-up.  A 
constant  step  size  of  5  nanoseconds  was  selected  and  utilized  for 
all  subsequent  calculations. 
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Because  of  the  extremely  wide  range  of  stress  and  particle 
velocity  environments  in  which  the  MIPV  may  be  used  and  the  differ¬ 
ent  designs  available,  there  are  numerious  test  conditions  which 
justify  numerical  investigation.  Examples  are 

•  Large-scale  HE  tests  (such  as  MIXED  COMPANY)  with  field- 
size  gages  (typically  2  inches  wide  by  30  to  40  inches 
long,  4  primary  turns  and  3  secondary  turns)  exposed  to 
the  50-  to  150-Kbar  stress  region. 

•  Large-scale  HE  tests,  free-field  measurements  in  stress 
region  below  5  Kbar,  field-size  gages  (same  as  above  but 
with  10  primary  and  9  secondary  turns)  . 

•  High-pressure  evaluation  experiments  (explosively  driven 
flyer  or  gas  gun)  in  0.2-  to  1.0-Mbar  stress  region  with 
scaled  gages  (0.4  inch  wide  by  3  inches  long,  3  primary 
and  2  secondary  turns) . 

•  Underground  nuclear  test,  field-size  gage  in  0.2-  to  2.0- 
Mbar  stress  region. 

The  two  most  severe  conditions  would  be  those  in  the  megabar  stress 
region- -the  high-pressure  evaluation  experiments  and  the  underground 
nuclear  test.  These  two  conditions  will  be  investigated  and 
numerical  results  presented.  Other  test  conditions  may  be  investi¬ 
gated  as  the  need  arises. 

a.  High-Pressure  Evaluation  Experiments 

The  MIPV  was  evaluated  in  May  and  June  1974  on  the  Von 
Karman  Gas  Dynamics  Facility  Range  G,  two-stage  light  gas  gun 
(ref.  22),  located  at  Arnold  Engineering  Development  Center  (AEDC) 
near  Tullahoma,  Tennessee. 

Two  basic  gage  designs  were  evaluated  at  AEDC.  The  first 
consisted  of  0.020-inch  aluminum  wires  embedded  in  a  lummum-oxide- 
loaded  acrylic,  as  shown  in  figure  1.  The  second  design,  shown  in 
figure  25,  consisted  of  0.020-inch  titanium  wires  in  0.064-inch 
OD  by  0.024-inch  ID  borosilicate  glass  tubing  backfilled  with  C-7 
epoxy  resin.  Titanium  was  utilized  with  the  glass  because  it  would 
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Figure  25.  Glass  Gage 


better  withstand  the  temperatures  required  for  the  glass  forming. 
Both  the  aluminum  and  titanium  wire  designs  were  investigated  but 
only  the  titanium  gage  will  be  discussed  here  since,  as  shown  in 
appendix  C,  it  presents  a  more  severe  perturbation  to  the  gage 
response.  The  problem  is  further  complicated  by  the  fact  that 
titanium,  as  a  transition  metal,  undergoes  an  increase  in  electrical 
resistivity  by  a  factor  of  2  at  high  pressure.  This  condition  must 
also  be  considered. 

In  preparing  for  the  tests  at  AEDC  an  extensive  investiga¬ 
tion  of  the  nonideal  electrical  behavior  of  the  gage  was  made. 
Details  of  the  gage  design  investigated  which  approximates  the 
AEDC  design  are 

Length  6.0  inches 

Width  0.4  inch 

Spacing  between 

turns  0.050  inch 
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Primary  turns  3 

Secondary  turns  2 

Conductor 

material  0.020  titanium 

Insulator  horosilicate  glass 

This  design  resulted  in  the  following  electrical  parameters: 


R 

pr  l 

=  2.017 

ohms 

Lpri 

=  1.68 

uh 

Rsec 

=  1.345 

ohms 

L 

sec 

=  0.933 

yh 

M 

=  0.655 

yh 

GF  =  4.179  mv/(amp  mm/ysec) 

The  shock  environment  selected  was 

c  =  9.7  mm/ysec 
u  =  5.25  mm/ysec 
a  =  1  Mbar 
K  =  0. 4/2.0 

The  investigation  was  accomplished  in  two  phases.  In 
addition  to  determining  suitable  control  parameters  for  this 
particular  gage  design  and  shock  environment,  there  was  a  require¬ 
ment  to  verify  the  code  behavior,  gain  an  understanding  of  how  the 
nonideal  electrical  behavior  affects  the  MIPV  response,  and 
determine  the  most  effective  means  of  controlling  the  induced 
errors . 

In  the  first  phase,  several  values  of  ballast  inductance, 

L  ,  and  ballast  resistance,  R  ,  were  selected  to  observe  their 

11  10 

effect  upon  the  shock  -  induced  errors. 

In  the  second  phase,  conditions  were  set  up  to  observe  the 
response  for  some  extreme  values  of  the  control  parameters  while 
restricting  the  code  to  the  following  calculat ional  modes: 
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(1)  Normal -- inductance  and  resistance  changes  are 

permitted 

(2)  Inductance  changes  only 

(3)  Resistance  changes  only 

(4)  No  changes  in  inductance  or  resistance 

Figures  26  and  27  show  the  effects  of  varying  R  and  L 

10  11 

upon  gage  response.  For  K  <  1,  the  induced  errors  are  negative; 
for  K  >  1,  the  induced  errors  are  positive.  The  ballast  inductance 
appears  to  have  a  strong  effect  in  controlling  the  magnitude  of  the 
error  while  the  ballast  resistance  has  a  relatively  minor  effect. 

The  implication  is  that  the  errors  can  be  adequately  controlled 
solely  with  the  ballast  inductance.  This  result,  which  will  be 
verified,  is  significant  in  that  the  amount  of  primary  resistance 
has  a  direct  effect  upon  the  magnitude  of  the  current  in  the  primary 
and  hence  direcly  affects  the  gage  sensitivity. 

Now,  it  is  of  interest  to  determine  the  manner  in  which 
the  errors  are  generated  in  the  gage  and  verify  the  calculations 
of  ELMEK. 

Consider  figure  28  where  only  inductance  changes  are 
permitted.  Where  no  ballast  inductance  is  provided,  the  rise  time 
response  is  affected,  but  no  error  results  in  the  magnitude.  Where 
ballast  inductance  is  included,  the  response  is  identical  with  the 
ideal  response  within  the  normal  rise  time  capabilities  of  the 
system,  regardless  of  whether  or  not  there  is  ballast  resistance. 

In  figure  29  only  resistance  changes  are  permitted.  It 
will  suffice  to  discuss  the  results  for  either  of  the  values  of 
the  resistance  change  factor,  K,  since  qualitatively  the  effects 
of  one  are,  in  a  sense,  reflected  about  the  normalized  voltage 
value  of  1.  Consider  the  case  for  K  =  0.4  where  the  induced  errors 
are  negative.  The  first  observation  is  thatin  no  case  is  rise 
time  degraded.  Considering  the  result  of  the  previous  discussion 
of  figure  28,  it  may  then  be  concluded  that  the  primary  effect  of 
self  -  inductance  changes  in  the  gage  is  to  degrade  the  rise  time 
of  the  gage  output  and  that  the  ballast  inductance  is  very  effec¬ 
tive  in  controlling  this  degradation. 
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The  next  observation  is  that  where  there  is  no  ballast 
inductance,  significant  errors  result  which  are  only  moderately 
affected  by  the  ballast  resistance.  It  is  thus  concluded  that 
resistance  changes  in  the  gage  produce  large  errors,  but  effective 
control  is  maintained  with  ballast  inductance. 

Now,  consider  figure  30  where  normal  resistance  and  induc¬ 
tance  changes  are  permitted.  Again,  as  in  the  discussion  of 
figure  29,  only  the  case  where  K  =  0.4  is  discussed.  Applying  the 
conclusions  from  before,  it  would  be  expected  that  in  every  case 
where  there  was  no  ballast  inductance  that  the  rise  time  would  be 
degraded  and  large  errors  would  result  in  the  magnitude  of  the 
output.  Likewise,  where  the  ballast  inductance  is  present,  one 
would  expect  good  rise-time  performance'  and  small  errors  in  magni¬ 
tude.  The  results  in  figure  30  confirm  these  expected  behaviors. 

An  additional  run  was  made  where  self - inductance  and 
resistance  changes  were  not  permitted.  This  served  as  an  additional 
check  on  the  behavior  of  the  model.  In  this  case  the  model  matched 
the  ideal  response  within  0.20  to  0.0S  percent. 

b.  Underground  Nuclear  Test 

The  primary  difference  in  fielding  a  large  gage  in  a  field 
event  as  compared  to  the  scaled  gage  previously  discussed  is  that 
the  electrical  parameters  are  also  larger.  Also,  for  a  field  test, 
long  lines  on  the  order  of  3000  to  5000  feet  would  be  required. 

The  large  increase  in  secondary  line  capacitance  could  present  a 
problem,  at  least  in  the  lumped  parameter  model,  in  that  there 
could  be  some  undesirable  oscillations  due  to  the  inductive  and 
capacitive  components  in  the  circuit. 

The  possibility  of  an  underdamped  response  was  investigated 
by  considering  the  secondary  portion  of  the  network  in  figure  21. 

If  a  step  voltage  is  "inserted"  into  the  network  in  place  of  the 
motion  induced  M  and  the  circuit  parameters  are  assumed  to  be 
constant,  the  circuit  can  be  modeled  by  the  second  order  differ¬ 
ential  equation 
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where  a,  0,  and  y  are  time  invariant  coefficients,  E(t)  is  the 
forcing  function,  and  Q  is  the  charge  on  C^.  By  lumping  the  long 
line  capacitance  and  resistance  for  typical  coaxial  cable  (RG-213 
or  RG -331)  and  for  typical  gage  designs  with  L  on  the  order  of  10 
to  20  microhenries,  damping  ratios  of  0.3  are  obtained  resulting  in 
an  underdamped  response.  Since  the  purpose  of  this  analysis  is  to 
observe  the  response  to  self  -  inductance  and  resistance  changes,  a 
short  length  (100  feet)  of  cable  was  assumed  for  the  secondary  to 
avoid  the  underdamped  response.  The  5000  feet  of  RG-331  retained 
in  the  primary  circuit  presents  no  problem  because  of  its  relatively 
small  magnitude  in  comparison  with  the  other  circuit  components. 

In  this  case  a  damping  ratio  of  1.9  resulted  for  the  problem  inves¬ 
tigated  . 

The  effects  of  long-line  capacitance  are  of  great  impor¬ 
tance  to  the  proper  design  of  field  gages,  and  this  problem  must 
be  addressed  in  future  analyses  of  the  system.  The  approach 
anticipated  is  st  ra  ighforward.  First,  an  equivalent  "it"  or  "T" 
network  would  be  employed  in  the  circuit  to  model  the  long  line 
and  the  damping  ratio  calculated  from  the  coefficients  of  the 
second  order  differential  equation  which  describes  the  circuit. 

This  would  provide  some  insight  into  the  range  of  permissible 
values  of  secondary  sel f- inductance  which  would  ensure  an  over¬ 
damped  response.  The  next  step  would  be  to  modify  the  complex 
model  by  inserting  the  equivalent  network  and  observing  the  code 
response.  This  analysis  is  not  presented  here  to  ensure  timely 
reporting  of  the  present  work. 

The  gage  design  selected  is  as  follows: 

Length  30  inches 

Width  2  inches 

Spacing  between 

tu  rns  0 . 1 40  inch 

Primary  turns  4 

Secondary  turns  3 

Conductor 

material  0.060  beryllium 
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The  resulting  gage  electrical  parameters  are 

R„.  =  0.213  ohm 
pr  l 

Lpr i  "  14‘3 

R  =0.160  ohm 
sec 

L  „  =  9.2  ph 
sec 

M  =  19  ph 

GF  =  9.81  mv/ (amp*mm/psec) 

The  shock  environment  is  as  before  with  K  =  0.2  assumed 
for  beryllium. 


The  results  are  shown  in  figure  31  for  the  only  case 

investigated  where  L  =  500  ph. 

i  i 

As  shown,  the  error  is  controlled  to  within  approximately 
3  percent.  It  is  apparent  that  larger  values  of  could  be 
employed  to  make  the  error  negligible.  It  is  worth  noting  that 
one  reason  for  the  effective  error  control  here  is  that  while  the 
gage  is  considerably  larger  than  that  previously  investigated,  the 
resistances  are  significantly  smaller  because  of  the  larger  diameter 
and  lower  resistivity  of  the  beryllium  wire.  As  shown  in  appendix 
C,  consideration  must  be  given  to  a  conductor's  shock  impedance, 
initial  resistivity,  and  resistance-pressure  characteristics  to 
determine  the  magnitude  of  AR/£,  which  directly  causes  the  resist¬ 
ance-change-induced  errors. 


2 .  SUMMARY 


The  present  mathematical  model  of  the  MIPV  is  adequate  for 
investigating  the  effects  of  shock- induced  self-inductance  and 
resistance  changes  upon  gage  output. 

The  resulting  error  appears  as  essentially  a  level  shift  from 
the  ideal,  accompanied  by  a  deterioration  in  rise-time  performance. 
Both  these  effects  are  effectively  controlled  by  employing  a  large 
ballast  inductance  in  the  primary  circuit.  Resistance  in  the 
primary  external  to  the  gage  is  relatively  ineffective  in  control¬ 
ling  the  errors.  Therefore,  the  total  primary  resistance  can  be 
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maintained  at  a  reasonably  small  value  to  ensure  maximum  current 
and  hence  maximum  sensitivity  with  no  compromise  to  gage  accuracy. 

A  major  improvement  to  the  present  model  would  be  to  replace 
the  lumped  parameter  model  of  the  long  lines  with  equivalent  "it" 
or  "T"  networks.  This  would  represent  a  more  realistic  model  of 
a  field  installation  of  the  system  which  would  permit  investigation 
of  the  possibility  of  an  underdamped  response  and  provide  a  manner 
in  which  to  establish  limitations  upon  gage  secondary  self-induct¬ 
ance.  This  work  should  be  accomplished  prior  to  fielding  of  the 
gage  in  a  field  event. 
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SECTION  V 

CONCLUSIONS  AND  RECOMMENDATIONS 

These  conclusions  and  recommendations  are  based  upon  the  results 
of  the  three  principal  analytical  investigations  of  the  previous 
sections  of  this  report  and  the  conductor  materials  study  of 
appendix  C.  The  purpose  of  these  analyses  has  been  to  provide 
improved  understanding  of  how  the  MIPV  responds  to  the  shock 
environment.  A  direct  consequence  of  this  work,  however,  is  the 
development  of  important  analytical  tools  which  are  necessary  for 
the  proper  design  of  a  system  to  meet  the  requirements  of  a  given 
test.  Available  also  is  the  ability  to  study  alternative  designs 
and  the  nature  and  extent  of  resulting  compromises  which  appear  in 
the  system  performance. 

1.  CONCLUSIONS 

As  a  result  of  the  investigations  of  this  report,  the  following 
conclusions  are  made. 

a.  To  maintain  a  constant  gage  factor  during  gage  deformation* 
the  gage  length-to-width  ratio  should  be  constrained  such  that 

a/b  :>  5  after  shock  transit  through  the  gage.  Generally,  a/b  >_  10 
prior  to  deformation  would  satisfy  this  requirement. 

b.  Gage  factor  may  be  increased  significantly  without  affect¬ 
ing  gage  rise  time  by  utilizing  a  Type  II  gage  design  instead  of 

a  Type  I  gage.  The  overall  system  design  and  specific  experiment 
requirements  must  be  considered  to  assess  to  overall  benefits  of 
the  Type  II  design. 

c.  The  MIPV  is  essentially  insensitive  to  divergent  flow 
effects  for  most  anticipated  experiments.  Only  when  the  source  of 
spherical  flow  is  within  1  meter  of  conventional  gages  (b  <_  3 
inches)  will  significant  errors  in  gage  output  occur. 

d.  The  gage  is  relatively  insensitive  to  off-axis  flow  in  the 
x-y  plane,  the  error  induced  being  approximately  equal  to  1/2 

(1  -  cos  y).  However,  off-axis  flow  in  the  x-z  plane  results  in 
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much  larger  errors  approximately  equal  to  3  (1  -  cos  8).  An 
immediate  result  is  that  if  in  a  field  test  there  is  a  plane  in 
which  the  uncertainty  in  shock  propagation  direction  is  a  maximum, 
then  the  preferred  orientation  of  the  gage  is  with  the  x-y  plane 
aligned  with  the  plane  of  uncertainty. 

e.  The  effects  of  pressure- induced  resistance  changes  and 
motion- induced  self- inductance  changes  upon  the  gage  response  are, 
respectively,  to  cause  a  level  shift  in  the  output  voltage  (positive 
for  K  >  1,  negative  for  K  <  1)  and  degrade  the  rise-time  perform¬ 
ance.  Both  of  these  effects  are  effectively  controlled  with  a 
large  ballast  inductance  in  the  primary  circuit. 

f.  Three  metals,  aluminum,  magnesium,  and  beryllium,  all 
exhibit  favorable  shock  impedance,  electrical  resistivity,  and 
pressure- induced  AR/2,  characteristics.  Each  presents  a  relatively 
low  neutron  cross  section,  with  beryllium  being  the  most  favorable. 

2.  RECOMMENDATIONS 

The  conclusions  above  indicate  that  the  MIPV  has  the  basic 
characteristics  of  a  desirable  field  gage;  that  is,  it  can  be 
designed  to  produce  a  voltage  level  output  and,  with  care  in 
placement,  small  errors  due  to  real  flow  can  be  maintained.  Like¬ 
wise,  the  effects  of  shock- induced  resistance  and  inductance 
changes  upon  gage  response  have  been  shown  to  be  effectively 
controlled  with  the  ballast  inductance.  However,  though  based  upon 
sound  theoretical  approaches,  there  is  a  need  to  verify  these 
results.  It  is  therefore  recommended  that  these  results  be  inves¬ 
tigated  experimentally  in  explosive  testing.  The  approach  would 
be  to  design  an  experiment,  make  calculations  utilizing  the 
appropriate  code  based  upon  that  design,  conduct  the  experiment, 
and  compare  the  results. 

As  was  noted  in  section  IV,  a  requirement  exists  to  modify  the 
ELMEK  code  by  providing  an  equivalent  "it"  or  "T"  network  to  properly 
model  the  secondary  long  lines.  This  will  permit  designing  an  over¬ 
all  system  which  will  provide  a  desirable  overdamped  response.  It 
is  recommended  that  the  model  be  modified  accordingly  and  that 
experiments  be  conducted  to  ensure  that  the  resulting  model  is 
suitable  for  actual  design  of  field  systems. 
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APPENDIX  A 

TABULATED  NUMERICAL  DATA  FOR  MIPV  DESIGNS 

The  results  of  calculations  utilizing  two  codes,  DSIN1  for  the 
Type  I  design  and  DSIN2  for  the  Type  II  design,  are  tabulated  for 
several  different  applications  of  the  MIPV.  The  codes  are  listed 
at  the  end  of  this  appendix.  The  different  applications  are 
briefly  discussed. 

1.  TYPE  I  GAGE  DESIGN,  FREE -FIELD  MEASUREMENTS,  LARGE  HE  TEST 
(TABLE  A- 1 ) 

This  design  would  be  suitable  for  free-field  ground-motion 
measurements  in  the  stress  region  below  10  Kbar,  since  large  gage 
factors  are  available  with  the  large  number  of  primary  and  second¬ 
ary  turns.  Results  from  this  data  are  also  presented  in  figures  6, 
7,  and  8. 

2.  TYPE  I  GAGE  DESIGN,  GAS  GUN  AND  SMALL-SCALE  EXPLOSIVE  TESTS 
(TABLE  A- 2) 

Information  is  presented  for  scaled  gage  designs.  Gage  factors 
are  considerably  reduced;  however,  the  smaller  gage  designs  are 
more  compatible  with  the  gas  gun  and  explosive  experiments  utilized 
in  gage  development  and  evaluation. 

3.  TYPES  I  AND  II  DESIGNS,  GENERAL  DESIGNS  (TABLES  A-3  AND  A-4) 

Data  are  presented  for  designs  where  gage  parameters  are  varied 
over  a  wide  range.  These  designs  would  be  suitable  for  use  in  the 
high  stress  region  close  in  to  an  explosive  or  nuclear  source.  The 
numerical  results  of  figure  9  were  obtained  from  this  data. 


67 


T  Y  Pc  i  OhuG  Ocbl&H,  FHc 

Lc  No  T  rl 
<IN0Hc3> 

HIJH  _OJJ  SPACiNo 

( INCHc  SI  (INCH £5) 

3«G00GC£*ul 

1  •Ju'jCj.H. 

UijCoju.*jZ 

J«0J0CCz.^oi 

1  •  jOul bo 

C  •  u  G  U  J  •J  C  “  u  d 

3.000CC£*jl 

1  .juG Gui*G- 

3«GGuCC£+Jl 

1  iul)<iu0:^Oa 

t»«juuG3  — 

J.OOOOGc+Cl 

ltuwUUgL+lw 

6  t  w  0  -  g  wOi  "  g  c 

iaGGGoC^+Gl 

l.uO>.j£*y. 

O  1  G  0  g  0  0  L  “  J  2. 

i • G60  G  G  l  +  u 1 

1  iouCuuLHw 

o.OO  c .  .£-.2 

i i cao  t c  l  ♦  w i 

1  •  O  4  0  .  lie  ^  u  - 

DUO  44  J  4  1  “  J  ^ 

3.000CCc*ul 

1.400006*0. 

b  *  »  G  U  J  gL*w2 

3.GOGOGc*nl 

1  »o JOuii*  0  3 

6#gflugGI*"g£ 

3 . 0000  Cc  +  01 

1  .  dCu  J  J_*  u. 

OuUOg0l~g2 

3 . 00  0  0  C  c*  j  1 

1  •  g  J  0  j  a  i  +  J  * 

7  #oGv;JG-*-2 

3.G0G5G6+G1 

7.0O.j0£-02 

3.0G0GQ6  +  4  1 

1.000006*0. 

7*3jujGw*G2 

i.OJOCCc+ul 

1  •  uGGudC.^Ow 

7»j0C6u^~g£ 

3.oJGui£*jl 

ltdUGjjL+g. 

7  •  u  u  o  *  u  z  m  j  £ 

i #GGGmUw^u1 

lcjwbgJi.+  b* 

7  iuOuU(Ju*g£ 

3. 00 050 6+ ul 

1  •u0Gj0z+Gw 

7.00000c-02 

3.CG0CCc+ul 

1  •JlujJl+wu 

7,wOGu---g£ 

i . 0  J  0  u  C :*u l 

1  •uG-aj£.t'b- 

7.000j0£-i2 

3.C00oo£*01 

1  .uOOuJe+Gc 

7  »  J  G  C  G  0  z.  •  G  2 

i  ♦  tGu o  G -♦ v 1 

1  (UiiljJuoHj 

7*jGGJG£-j2 

1  •uuUUji^U- 

OiJG  u  u  uw*g^ 

J*GQQGCw+Gl 

laljbCaJL^wJ 

OijGbJgi-'i? 

3*  00  Q  G  u i 1 

1  •ujuuJl+Gw 

0»goljjjC“j£ 

3»GuwGGl^u1 

1*GuuoJ.^Cj 

t . 0  0  u  0  Oc-4  2 

3*G0QGGl+u1 

1 •  JwOudl^'L. 

j.OQGjOc-U 

3.000406+01 

1  •G3ujJ^+C* 

8.0000  0c -.>2 

3.0J0ooc*jl 

1  •  g  oU 

Duo  w  OOC*4^ 

3«GQ0uU~+jI 

1  •  J  j  6  0  J*  ♦  G  s. 

o.0C000c-02 

J.OOOCGc+ol 

l.aQGGOc+C. 

o«J0GJg  — 

3.QQCGG£*ol 

1  tU  Jg 

o.iOOCuc-02 

3«QGQCGc.*gl 

0»jQGGG:;-g2 

3.0000C£*ul 

ltOjbjJjc+Uw 

9.CCo0Cc-02 

3 . 00  C  o 06*01 

l.OOOaOc+4. 

i.00000c“02 

3,OOOCO£*ul 

1  •JOgjO^+C* 

'3.0000  0'c-j2 

3.000006*01 

1.000306*00 

8.0000Cc-02 

J»  GQu  G  C  l  +  u  1 

l.uGbJjw^UJ 

a. 000006-02 

3. 000  0  06*01 

l.uOOOOc*.. 

a. 00  0  0  06 -j 2 

3  «  GOO  j  C  t  >-ul 

1 •GjGOOl+uj 

5.0000  0£-j2 

3.uQG0Cc*4l 

1 .  u  J  C  J  u  -  ♦  o  w 

'ji  jCw 

3.Q0QO0c*01 

X  «  U  JO  J  0l  ♦  Cl  0 

a. 000006-02 

3.000006*01 

1 •CQuOui+bw 

9.000006-02 

3.000006*01 

1 .00000c*00 

f  AU-6  A-l 

-Pic. 0  HtiloJHcMcNI  i,  lAkGc  H_  cOcNT 


PHI 

>  1  ^ 

HUlL/AL  iNlJUb 

bAuc  FAOTJr 

TUHN5 

r  jrnj 

(HeNHIca) 

(At';P*Mfi7uS-o) 

2 

i 

l  .74905c-0b 

2.252466*4. 

3 

? 

4.absli_-4o 

6  .o3a34i*44 

4 

j 

3.l56ub_-4b 

1  .  .5251c  *4  1 

5 

♦ 

1 .2327b£-03 

1  •  3  91  9oc  *  u  1 

6 

j 

1 .695b6c-03 

2.l9497c*ui 

7 

c 

2  . 1951<.c-0s 

2.337706*01 

6 

7 

2.72442c-c5 

3 .023356*01 

9 

J  .2733<j£-05 

4. 241136 *01 

U 

■t 

3. 352o5.-05 

4.abba7£*01 

11 

i- 

4.444i3c-05 

5.753626*C1 

12 

11 

5.05l7*c-o3 

6.54ud3_*ul 

2 

1 

l.b52  73£-l)b 

2.12  abic*Oi. 

3 

iJ 

4.262o7c-4b 

5.o254t6*u4 

♦ 

3 

7  . 5  952  be- 06 

6.3J74oc*00 

5 

4 

1.141236-05 

1 .474666*01 

6 

a 

1 .56153c-05 

2. .13926*41 

7 

0 

2. 012176-06 

2.o0274c*4l 

0 

r 

2  .4b705c-4b 

3.213266*01 

9 

J 

2  .  a616oc-05 

3  •  o5  abi i *  u  1 

1  4 

J 

3.492b5c-45 

4.?22J8£*01 

11 

i: 

4.01732.-05 

5.2J30a6*4l 

12 

u 

4.55364C-05 

5 . 3  990 jc* 4 1 

2 

0 

1 • 56945c-06 

2 . u  2344  c ♦ 0  o 

3 

i 

4.4 371 3c  —  Ob 

3 .211256* J. 

4 

i 

7  .  U444c-06 

5.1917l6*0u 

3 

* 

1  . 0  631  7  c- 05 

1.37454c*01 

6 

5 

1 .44735c-05 

1 .372926*01 

7 

o 

l . 3  37  9  36-0  5 

2.404436*01 

3 

J 

2 .2B305c-05 

2 . ao22 66*01 

a 

z 

2 . 7  3*2  ac-0  3 

3.341166*01 

lo 

? 

3.19373C-45 

4 .137356*41 

11 

i; 

J . 6641 3c-0  5 

4.747536*01 

12 

ii 

4.1436sc-0p 

3.370756*01 

2 

l 

1 .496146-06 

1 . 329d9c*4« 

3 

£ 

3. 32170c- Ob 

4.a35656*00 

4 

3 

6.6930bc-4b 

3 .55424c*0u 

3 

9 • 954636-0  5 

1.237646*01 

5 

1 .34930c-05 

1.746926*01 

7 

b 

1 .725b66-05 

2. 2343 5c *01 

6 

7 

2.116346-05 

2.743736*41 

9 

J 

2 .524316-05 

3.270646*41 

10 

3 

2.941176*43 

3.311306*01 

11 

l. 

3.i6702c-55 

4 • 364756 ♦ 4 1 

12 

1 1 

3  .6D0**06-05 

4.a27596*4l 

cHHjH  TcRM 
(PcUcfU) 


-I.u2o0£*0. 
-1  •  7o4b36*  uu 
-1.3a5udc*..0 

-1  •  565  ai  c  ♦  0  0 
-1.5l732c*cfl 
-1.47593c*0j 
~1 . 44  J  2  96  ♦  0  0 
-1.4tf919c*4j 
-1.3o1j4c.*.i3 
-1  •  356  a7c  *  o  0 

*1  JO 

-1 . 7<*i  3Ji*  0  J 
-1.531506*00 
-1  .55il2c*0G 
-1.5j3376*GJ 
-1  .45645c*  0  3 
“1 . 4  Ionic*  0  0 
-1 . 3j2  ><4l*  4  j 
•1.352l3c+00 
■1.32579E*«0 

'll  JwiJ&L^  Jii 

'1.769u3c**u 
•1  •  6b  o  .  3  c  *  j  u 
•1 .57556c*  0 5 
■1 • 5u  5536*  j j 
•1  •  4i*  9466  ♦  0  0 
'1.40  337c*jO 

•1 . 3b4b6c  ♦  4  j 

1  .  33153c* 0  0 
1  •  3.2odc*  Ju 
•1  •  2  77o5c  ♦  0  J 
•1 . 255226*  JJ 

1  .  733856+  .  j 
1  .6l4olc*  GO 
1.52470c*00 
1.465736+00 
1 .40 142c*  5  J 
1 .35633c*  u  i* 
1 .31o9lc* 4  0 
1.2a7u4c*u0 
1.2?4'»3c*Cu 
1 .23517c*  Co 
1.21 360c*  u  j 
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r  A3L£  A-l  (COND 

TYPE  I  SAbc.  oESIGM*  F Ret -FI E  lO  IcASJREMENTSi  LAftbt  Hi  cdtNT 


LENGTH 

WlJTH 

.030  SPACING 

PRI 

Sc  Z  HJTJAl  l  NO  JC 

GASc  facior 

ERROR  TERM 

(INCHES) 

(INCHES) 

(INCH-S) 

TURNS 

URNS  (HENRIES) 

(  ) 
\AMP»NH/  USco/ 

(PcRCtNT) 

3.QOOOGE4G1 

1 

.SOOGGc^G. 

d, u0uoCc-j2 

2 

1 

2 .0231o£-Lo 

2.?7b35£40b  -  3  .  C i22bc» uu 

3.uOOGGc4G1 

1 

a  5  U  U  G  G-*  G  J 

baGGQjOi.*j2 

3 

2 

5 . 3  7452c  -  0  b 

bao552u£  +  uu  -2  a  6 3 d u4£t j u 

3«G0GGGc4bl 

1 

•SQGCQc+g. 

bauOlibljL's^ 

4 

3 

9  .7331 oE-bb 

1.2437&E  +  G1  -2.739b4t«-0G 

3.0000GE*«1 

1 

•  5GCbOe4l.g 

6awGouCc.“j2 

5 

*4 

1  •  491 6Se- u5 

1 . i L b i be ♦ b 1  -2.bb4b4ctOG 

3.G0GGC£»ul 

1 

•  50 0  ji)£4 GG 

b  a  j  0  C  ti  G*  "  j  2 

0 

3 

2.C7b4  3E-G> 

2.o5q79£4J1  -2.sbo34ttGG 

3.G00GGEU1 

1 

aPJCGtil+Cu 

o • uG  GG  Gc-02 

7 

0 

2.717s7c-l5 

3««7‘s44£4ul  -2«430o0LtGb 

4«G3QGGl+*1 

1 

•  Si)G  JJ:H. 

b.  J  G  G  G  GE  2 

3 

7 

3.40bu2c-b5 

4.jb4oJc4bl  -2  •  42  40(Jc  ♦  L  0 

3.0udGGe4bl 

1 

•3GOOOi*g» 

OauOlj  jOlab^ 

9 

z 

4 . 1 3po IE -u5 

b  .  3 j 1 3 3 £ ♦ b 1  -2  •  3b6b2c ♦ b j 

5*0wGuGl+wl 

4 

A. 

•5uGjJl^Gu 

b  a  J 0  d  u C£  *0  2 

10 

5 

4  . 90  0  b2E -G  5 

b.26b74£4l)l  -2 . 31 4*  Jc  4  u  L 

3aGG3GGc+bl 

1 

*  :>  G  u  G  0-  ♦  C- 

o.GGCGu£*b2 

11 

K 

5  .b9bi 1E-Gp 

7  .  3b  ‘jb  9E  ♦  b  1  -2.2bob8c4ju 

i*  Gu  GG  G £  +  u  1 

1 

•  5GGljGe4g., 

b.GfluOGc.-^ 

12 

1  1 

6 .5195bt-Gb 

■j.3b94g£4sl  -2.22o6bc4uG 

3.00G«Gc»wl 

I 

•bGGgJc4g. 

/  loJuiiuL'b^ 

2 

1 .  92499e-ub 

2.45325£4og  -2  •  97bg3£4 „G 

J.GuGJuE^ol 

1 

7 .uG00Qc-G2 

3 

/> 

5 . 0  tt  2  3  b  E  -  b  b 

b > id  7 7 3£ 4  Go  -2 . 1 gbbbc4 Lu 

3.0u0uCE4gl 

I 

•5bjgJc4gg 

7aJOuuOi*U^ 

4 

3 

9 • 1 bGG  pc -bb 

I.l7go2£4ol  -2.672bl l*u. 

i.QQubGc+gl 

1 

5 

'4 

1 .39o22c-0b 

l.U6b3£4Ll  -2  •  bbb7s_4  aj 

i.OOOGG^fui 

1 

.  jJJu'Jc.tl. 

7  aj0ujw*"J2 

6 

3 

1 .  935G7c-Gb 

2.47o39£401  -2.47bb)c4.J 

i.GuuaOi+wl 

I 

.bjgUj£4L.. 

7  ajflw'0l]i*52 

7 

b 

2 • 5222  7E -b5 

3.232-»b£4Gl  -2  •  sL  u  7hc4  GO 

3.000GGc4G1 

1 

•  3gu 

7  a  C  C  G  J  W -  *"  J  2 

0 

7 

3.1499GE-bb 

4.u394j£4Ul  -2.33S19£+bu 

i.GGGGGE*jl 

I 

.  P  G  b  g  Gc4  g  . 

/  abUGUitC"*^ 

9 

z 

3.3li73e-b5 

4.39jd7£4Gl  -2.277olc400 

3»0G0Cwc+ul 

1 

a  O  44  u  G  j-  ♦  C  a 

7  a  uC  ()uOw*  52 

1G 

■3 

4.bG279c-Gb 

3.73s44£4C1  -2»227gbt4Gu 

3.GGGjO£»j1 

I 

•  5GGGJEU.. 

/.jGuJGE-jE 

11 

l . 

b.219G4c-Gb 

b.7J23b£4Gl  -2«l3l7Sc+gb 

3.GuuuG£4j1 

1 

•pjGJj£*gg 

7a4G*Gu2’“J2 

le 

i  l 

p.95717c-b5 

7.35394E4L1  -2 . 14g  •33C4 -g 

S.GQ0Gu_«--1 

1 

•  5b  J  J +  b  . 

Oa.o3tf3J  —  “32 

l 

l 

l  .  3  4 j 1 1 C” 0  0 

2.3**obj£4LG  -  2  •  ■)*  git;  ♦  g  0 

3«ugQGGE+jl 

1 

a  5uJ  r vw 

3.iGGuGc-s2 

3 

? 

4 .  3  2  99  4E -bb 

o.17„12£*Gu  “2a72dUli*oO 

3  •  uGGiiCc  +  al 

1 

•3GGJJ£*l- 

daJG  J  j  u  i  *  (i  2 

4 

s 

9  .  bbl2  l£-uti 

1  a  i  u  ^  p)  G  £  ♦•  U  1  •  2  a  3  P  443c.  ♦  G  u 

3»GGGGGcFgI 

1 

a  5lGuu£+o~ 

Oa  j0bJO.~l]2 

i5 

4 

1 . 31 42  4c -u5 

l.3326d£4gl  -2.4oo33c4Gg 

3.udGGGt4bl 

I 

Oi  bU  Jjui*o2 

D 

y 

l • 3 1 sb  bc-Gb 

2ai244^2£^Ql  “2  a  7  u  3£  ♦  G  G 

3»GGGGbwfjl 

l 

•  'J  *  L  C  G  - 

Oa  bCi.uljl“j2 

7 

S 

2 • 39bd  be*  gS 

3  a  w  2  1  2  L  ♦  U  1  *2  a  32i3/c.4  J  j 

iaGOGGfl^+ul 

1 

•  53GGit4g., 

b» jgu jbC“j2 

5 

7 

2 . 93224c- bb 

3.7o31bE+Gl  -2.2P373L40G 

3aG0uwGc.  +  wl 

1 

a  J  W  c  w  J  E  ^  Gw 

Oa  3CGuC£“G2 

J 

" 

3.b37b4c-bb 

4.b425Gc4ul  -2.2»g33c+JJ 

iibOCuti^ui 

I 

a  ~y  '•#  U  *  <J  L  ^  * 

Oa  L  t  b  J  2 

Is 

J 

4*lb727c-jb 

5  a  3  5  J  7  2  i  ♦  U  i  -2aibj6il+uj 

3«uGGGCc*-j1 

1 

•  ?  s  C  j  J  »  ^  v  j 

3.3JGjg£-s2 

11 

i ; 

4.3l73*tc-bb 

6tl9<;lpi4jl  -2.1.642c4jJ 

3«u3QuCz.  +  wl 

1 

•  b-  gGJEU. 

o.3bCGGc-J2 

12 

u 

bt4oo37E-b3 

7..54l7c4gl  -2.Gbo74c+Gj 

3a  UUUbt'~+wl 

1 

•  5ul  4  J  «-  ♦  u  - 

£ 

i 

l#76yi4L*ub 

2.2b27oc*jv  -2.3J9JbL4jb 

j.udgtuc^ul 

l 

•GGGjjE»g- 

'j»jUlibWl“o2 

s 

i 

b.obiJ/c-Oa 

p . 39Go7c4Gg  -2.3p9dGc+0J 

I.GwOi*{Ji*ul 

1 

a  J  w  J  4  J  ^  ww 

'3a  jUjm  .L’JG 

4 

i 

i.223iGL-jb 

l.jb2o3£4gl  -2.32322c4jJ 

iiCoo-u:*wl 

1 

•vjjjJc*gw 

jaJJoJwL.a52 

b 

4 

1  .242b;c-j5 

1»p9224£4u1  -2  .  slbblc* j J 

iiloObUL^-l 

1 

.  P  G  g  G  Gc  4  u  . 

9.GCgJGE-b2 

0 

i 

l.7jjo7c-b3 

2al^i33£tul  -2a323b2i*lju 

3auUuGo_  ^  j  l 

l 

a  5i>  L  JJLU. 

Pa  oUoCcao2 

7 

6 

2. 211b be -bb 

2.33o23£4gl  -2.2bj33£4u0 

iauJGjb-f'wl 

1 

a  AbbV.H  j 

JauOGjOc.“u2 

3 

7 

2.7bbllc-0b 

3.32412c4jl  -2.l37G4c40J 

3#oJGGC  —  ♦,ui 

1 

•  5  AJjltu. 

Pi jGugGi*j2 

3 

2 

3.3gi4bc-0i 

4. 2421 3£4gi  -2.13lo9c*gG 

j.uguCbc+gl 

X 

a  PUGGjLUb 

PiubOsJE.*'j2 

lb 

2 

3.)7^bcc-b> 

4.s3722£4&1  -2.b33lJc4Gs 

j.GJQGG«*ji 

I 

a  PbblJ.^bJ 

p.oOul3_“j2 

11 

l. 

4.474ooc-ij3 

b.7bbl4£4Gl  -2.b39p9c.4gG 

JauGuGo  —  ^L/l 

i 

.  POLs  j.Ug 

PadbUJ:“i2 

12 

1 1 

5.b9i23c-ub 

b.p426b£4bi  -2.Gj13oc4jJ 
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r kdti  a-i  (cann 

TtPc.  I  0A6;  DESIGN.  FRE2-FIELD  N£AiUREH£NTS .  LARGE  Hi.  tOENT 


LENGTH  HUH  u03>  SPACInJ  PRi  SEC  NUT UAL  INOUC  SASE  FAST  OK  ERROR  TERN 

(INSHES)  (INCHES)  (INCHES)  TURNS  TURNS  (HENRIES)  /  NV  \  (PERCENT) 

VTMP*HN/ JS£V 


3.GQ0002*.ji 

2 

>  0  0  0  0  JE+  GG 

0.3G3GGE-J2 

2 

1 

2. 229102-06 

2.306612*33  -4.229642*00 

3.030GC2*ul 

2 

,  u  j 

b.GG GGGE-J2 

3 

2 

S.97974t-0b 

7.543782*03  -4.325122*00 

3.0G0GG2*ul 

2 

•uuOOJi+Cj 

b*30u0Ci"u2 

4 

3 

1  . 3  92s  52-05 

1.380852*01  -3.86279E*00 

3.  GuGGGE  +  wl 

2 

•uuOGJE^uj 

6.G0G3Q2-G2 

5 

4 

1.686722-05 

2.133992*01  -3 . 728  OOE*  GO 

J.C03QG2*ul 

2 

•GGGGGl+GG 

b.OOCOO£-G2 

6 

9 

2. 364*92-05 

2.994792*01  -3.612922*00 

3.GQG002+G1 

2 

•uOuJJl^GJ 

6. GO JGGE-u2 

7 

b 

3 . 1 144  be- j  5 

3.946512*31  -3.512802*00 

3  >  GO  u  u  0  E  +  u  1 

2 

a  J  GO  J  3E  + Gu 

6.3GG002-32 

3 

7 

3.92732t-05 

4.363312*01  -3.424452*00 

3»Q00b(«^  +  ui 

2 

.ujGJJu+Ou 

b.GGGGGE-02 

9 

3 

4.795412-05 

6.389462*01  -3.345642*00 

3.Q00GCE+G1 

2 

.GG0GJE*33 

6.GGG00E-02 

10 

9 

3.712J5£-Q5 

7.2 58822*01  -3.274722*00 

3.0000Gl+u1 

2 

•  0  GO  GG2  +  u j 

6. JC  G  0  OE-u  2 

11 

1G 

6.672742-G5 

8.484492*01  -3.210432*30 

3 • 03  0  G  iic^  u  1 

2 

a  G  UU  J  JC*  C  u 

baGOGuGE-32 

12 

11 

7.671982-05 

9.760592*01  -3.15l77E*00 

3.0QQGGE+G1 

2 

.GOGGJC+Gu 

7.QQG0Q2- G2 

2 

1 

2.1Z935E-36 

2.683422*03  -4.136822*00 

3.0QQQGc_  +  Gl 

2 

a  U  uu GuE*  Gu 

7«QQJ3u»-u2 

3 

2 

5.632Q2E-D6 

7.l7522£*0u  -3.923302*00 

3.ooacct«-«i 

2 

•GuCGGc+GG 

7.3GG3G2-02 

'  4 

3 

1.333682-35 

1.307442*01  -3.75*942*00 

3.000002*31 

2 

.GG33G2+Gu 

7.303302-02 

5 

4 

1 .563832-05 

2.312312*01  -3.616092*00 

3.G0uuU£*Gl 

2 

•  u  GG 3 32+  GG 

7.003032-32 

b 

9 

2.213862-05 

2.613462*01  -3.4963*2*00 

3.0u0oQu.  +  ul 

2 

•  0  0  Q  J  3  c.  ♦  C  u 

7.3QC3GE-G2 

7 

3 

2.912482-05 

3.696602*01  -3.396542*00 

3.G30oGl*u1 

2 

a  G G  G GG2*Uu 

7«00GCu£*w2 

3 

7 

3 . o63 7  6E-G5 

4.65u35E+Gl  -3.3u7252*00 

i.0GGG02*ul 

2 

a  0  G  G  JO£*C . 

7.3QGQGE-G2 

9 

9 

4.456452-05 

5.665482*01  -3.228352*00 

3. 00GGGE+G1 

2 

•  3ub^J«+0w 

7.GGGGGE-G2 

10 

9 

5.293592-05 

6.734362*01  -3.157132*00 

3.0GGGGc.+  Gl 

2 

.  uOOu  JlUu 

7.3G3CG£-u2 

11 

1G 

C .167232-05 

7.350612*31  -3.093132*00 

3.GGGGGE+01 

2 

a  j  OG 302* uG 

7.00G302-G2 

12 

11 

7.3731GE-05 

9.uJ6872*01  -3.034992*00 

3*  JOCoUL^al 

2 

iuuJuJl^Uj 

OaG0GGGE-G2 

2 

1 

2  a  3  433  32-36 

2.576742*03  -4.051812*00 

3.00QGG2*ul 

2 

•OGGuJl^uj 

o.u0uI]Gl-w2 

3 

2 

r.424b3E-4b 

6.}56362*0G  -3.833632*00 

3.COGGO=.  +  ul 

2 

•  JJ33jC+bi* 

d*3QuJ0E-32 

4 

3 

9. 326112-06 

1.244022*01  -3.657412*00 

j.uG0uQ2+Gl 

2 

•  u  j  u  u  3 1*  Cu 

o  #  G  G  G  GGE  *u2 

5 

4 

1.504492-Q5 

1.907352*01  -3.515522*00 

3.GG0GGc.  +  ul 

2 

.303002*3. 

o. GGG  J  3E-32 

b 

9 

2.39369t-05 

2.657382*01  -3.39598t*00 

3*QGOuOE*ul 

2 

.G0GJ3c.*Gu 

O.30JGGE-G2 

7 

b 

2.7392*2-05 

3.480262*01  -3.293252*00 

3.000GC2+G1 

2 

•GQQGG2+ Gu 

o»J0Guj~-32 

3 

7 

3.432782-05 

4.365112*01  -3.2u365t*00 

3. OGGOOn* Jl 

2 

•  0003 Gt+uu 

b • 3  G j  u  C u2 

9 

9 

4.167 32E-35 

5.303232*31  -3. 124562*00 

3 • QOGGGl+jI 

2 

.GGGGGi+Gj 

O.Q03332-32 

13 

J 

4.937392-35 

6.287492*01  -3.054u6t*00 

3.GQ0uO-<-ui 

2 

a  G G G G it* C . 

baGGuGG£~32 

11 

lu 

5 • 7334u£-Q5 

7.312032*01  -2.990682*00 

l.G0GGG2+ul 

2 

•GOuCGc+Gw 

6.3QuuG2-G2 

12 

11 

3 .5665o£-G5 

6.371962*01  -2.933292+00 

3.00GGGE*ul 

2 

a  G  C  G  032+  G  G 

9aGGuGGc.~32 

2 

1 

1 .966962-Ob 

2.482682+03  -3.973092*00 

S.OuOOOE+Gl 

2 

. GGGGOc*  OG 

9.30GG 02-32 

3 

2 

5.198212-36 

6.575522*00  -3.745362*00 

J. 030002*31 

2 

•JJGGGE*Gu 

9.303302-02 

4 

3 

9 . 3  774  5E-06 

1.188242+01  -3.568242+00 

3. OGOJ Jw*Gl 

2 

aGGCGGE+uu 

'3.GGGGQE*j2 

5 

4 

1 . 430562-35 

1.815222*01  -3.424122*00 

3.00QGG2*31 

2 

•  u  u  o  J  tit*  C  ^ 

9a  GO  3  G  GE-G2 

b 

9 

1 . 9842GE-35 

2.520672  +  01  -3. 333462*00 

3.3Q03Gw*ul 

2 

•JuOJj.+Oj 

9.30JJGE-32 

7 

9 

2.58819E-C5 

3.291242*01  -3.233362*00 

J.OugOGc+jI 

2 

a  j  J  G  J  32*  0 u 

^.33GuG£-G2 

3 

7 

3.234432-05 

4.116562+01  -3.110882+00 

3> OOOflGu.  +  ul 

2 

•uGG302*Gu 

9.GC3CGE-G2 

9 

5 

3.916*52-05 

9.988432+01  -3.032261*00 

j.GCGuGE+ul 

2 

•  UJUOJcU- 

■3aG0uG0i.*j2 

10 

i 

4.629192-35 

5.900262+01  -2.962432+00 

3.0GGuOc.  +  ul 

2 

fuJGud'+uJ 

9  •  5  0  0  0  ui  •  3  Z 

It 

1 3 

5.368442-03 

6.846652+01  -2.899652+00 

3.G0uQGE+ul 

2 

9*0003jc*j2 

12 

11 

6.13077E-05 

7.623192+01  -2.843332+00 
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i  &  b  Li  a  - 1  (CJ<n 

U  i  S I  G  N .  F^ll-FIcLJ  Nc.ftSJ<£McNlj|  l  A  k  G  l  Hi  _  V :.  N I 


LENGTH 

HIlJTH 

-OOP  SP4CING 

PK  I 

5  c  G 

ililUftL  XNJU- 

bAGE  F ACT  Ok 

(INCHES) 

(INCHlS) 

(INCHES) 

TUkNS 

r  ufcNp 

(HiNkllS) 

( - ^ - ) 

\AMP*hH7  J  S  £1/ 

I.Oflfluflbtfll 

d  •5aJuG-^uw 

o.J0000£-J2 

2 

i 

2 .39834t-Ub 

2.*855fl£tub 

3.00QOQ2+01 

Z  •5uuCod+C» 

6.000001-02 

3 

2 

biW?5?w*«G 

a • 0  7  9432 1 00 

3.0000i.Ltjl 

2 • 500b Je+Cb 

b*l}buLy^“vl2 

4 

3 

1  .1pu16l-C5 

1.4d/67£tjl 

3.000002+ul 

2.5flOOJ£tflu 

b.J0u00£-J2 

5 

4 

1  .o4b2o£-u5 

2.31137ctfli 

3  •  000  0  Gl  +  0  1 

2  •  a  0  0  0  Jit  Ok 

6.flflJflO£-02 

6 

3 

2 .60  u2  7E-05 

3. 25  962  £ ♦ u 1 

J.OuflflflL+Jl 

2.5fluOJ2+k. 

o. 0  0  fl  Ofl t-0  2 

7 

b 

3.439*56-03 

4 . 31 7272  tfl  1 

J.OOOOOittl 

2  •  PuO 

b«JQG0u-"J2 

b 

7 

4  •  35544£ -u5 

5. 471952 tfll 

3*GG0CuE.4ul 

2  i!)i]u  u J z 4  C y 

b.flOOuUL-02 

9 

5  •  33a35£-fl5 

6.71337£tul 

3.000flflLtul 

2  •poOuJl^U 

6.300002-02 

10 

* 

o.3b23ft£-fl5 

3 . -32a2£t  ul 

J.u600C2+01 

2  •  5  G  0  J  0L.+  l  u 

6.flDCJ3£-J2 

11 

1- 

7 .4buBpL-fl5 

p.*2279£tfll 

3.0QQQu2+fll 

2 •buGJJL+Gy 

o  .30  fl  0  22-3  2 

12 

11 

3 .62 *u fte-flp 

1 • ^  8  76  82  t  u2 

3.000flu£tJl 

2.5fluOJc.tL. 

7.000uJ£-u2 

2 

1 

2.297Jul-06 

2. Bo22bLt00 

3.QQ0002+ul 

2 .pflflOJL+u. 

/•JQG3wi.*j2 

3 

bfll72aut-Co 

7 . 71u36£tuu 

3§G0  00bi.  +  cl 

2 . 5  0  0 fl  ULt  l » 

7  .yGCuG£-w2 

4 

1.1299 Ot-flb 

l.ftlftjbitfll 

3.C0QuCl+01 

2.5uOOOl+u. 

7.Ju0Jfl2-02 

5 

4 

1.74b4ut-C5 

2.1a*102tfll 

3.0000C£tol 

2  •  b>G c  u  ♦  w w 

7  .  j  0  u  j  0;  -  u  2 

6 

7 

2 .45l3b£-u5 

3.fl77j2£tfll 

3.000tu£tjl 

2  •  >  u  u  u  J  Z*  0  y 

7  .  uO  u  u Cl- j  2 

7 

b 

3 • 2  32 93l- U5 

4 .oo29l£t 01 

3. 0000  flctu  1 

2  •  5  J  u  u  Jtt  j - 

7  •  JG  u  Go--y  2 

a 

7 

4.08143L-05 

3.1J478£tul 

3.00Q00£tui 

2 • 50  0  J  0  it 0  u 

7 • S C  G  GG&* 3  2 

9 

J 

4  .98914E-C5 

b$ZdZbtiz+ul 

2  iVliw  UJtHu 

7 . 00  0  002- J 2 

10 

9 

5.94932l-U5 

7 .4*o2b£t0l 

3.fl00U0ct01 

2.?flflC0c.tuu 

7 .000302-02 

11 

1  j 

B.93bftl£-UP 

o.7744Bitul 

3.00000c,  tul 

2*bCu«uJii^iJw 

7.flflOOD£-02 

12 

1 1 

8  .Gfl363c.-05 

1 • w lb  52£  1 02 

3  « GUC C  u ;:  +  o  1 

2*bCGwt}te^ii4> 

o . jfl  0  Q  0£- J  2 

2 

1 

2.2C92BE-06 

2.7 55532t jb 

3«GG0GG»+ul 

2. 500002  +  0  •. 

o.jGuGo£-J2 

3 

2 

5 .9lu9cE-C6 

7  •  u  ■>£  '  4  G  l 

3. 000  0  Ot.t  fl  1 

2. 50000  it  u. 

0«JGuuGi-j2 

*4 

J 

1  .u77d5l-05 

1 . 35u39£t01 

3.0Uu0utt jl 

2 . puC  0 J2  +  b„ 

0  •  u  G  W  y  u  C  “  G  2 

5 

ft 

1 .66u2  4£ -05 

2.jd349LtCl 

3.0Q0GC;+bl 

2«3uGJjc.*'Uj 

o.uCQ0ul-J2 

6 

7 

2.32314l-u5 

2 . *1*492  tul 

3.00GGG£+ul 

2.5fl000£tflj 

6  •  J 0  u j G£*G  2 

7 

O 

3.05493l-05 

3 • o43a42t  0 1 

3.00000£tfli 

2  •  p  G G  J  3l ♦  Gu 

o.flCQj 02-02 

3 

7 

3.8fto3aL-u5 

4 . b44b *l  tul 

3.0GuC0;+ui 

2 .5uuflJctu. 

o.uOuflfl£-u2 

9 

0 

4.b8937t-05 

3  .  *13u8£tul 

3.0Q00C;+ui 

2 .pJOJOE+CO 

b.00fl0fl£-j2 

10 

i 

5.57i2C£-05 

7  .flftfl  ft9c.tfli 

J.ofl flOOitfli 

2.5uuoflbtflj 

b*JGuuuw*G2 

11 

1  u 

3.5091t£-fl5 

8  •  22u  4 32 1  u  1 

3.0QuOCl*u1 

2.5fluflfl£tC. 

o.J0fl0u2-fl2 

12 

11 

7  .-.TpIEl-up 

J*0Ju4#Gc.4j1 

2 . 500  J  Jet  A  . 

*.Jflu0iL-02 

2 

1 

2 . 1319  7c-0  6 

2 . b&lftl l t  fl  fl 

3.000002+01 

2 ,500 OJ;+ib 

9. 00  fl  0  tit-  i  2 

3 

2 

5 .6b042l-06 

7  •iG^41l4y*u 

3.00000£tfll 

2 . 5000 Jl+O. 

9.000002-02 

4 

3 

1  .fl3207L-05 

1.2947b- tfll 

3. 0000  02  +  01 

2 • 5  00  fl  J£t  0 „ 

9.300002-32 

5 

♦ 

1.5845b£-05 

l.**ub2£tjl 

J.000GG2+ 01 

2.PUuJu£ttw 

*.00fljfl£-u2 

6 

b 

2.21J72l-05 

2. 78 12 j£t 01 

3.03000;+ Ji 

2  .  p  J  0  J  jc.t  u  j 

9. 3  0  J  J  0£- j  2 

7 

j 

2 .3991b£-u3 

3 • o51 8  52 ♦ u  1 

3.00flCCL+ul 

2 • 5 0  0  0  Ot*  0 fl 

^•GGyuui“j2 

a 

7 

3 . 641 j  3£-0  5 

4.59l30£t01 

3.0u00Gl+01 

2  •  3  J  g  J  Gl  4  J  w 

P.00u00£-u2 

9 

> 

».ft29'jbw-05 

5 .5*jft3£tfll 

3 . 000  0  u  l  t  u  1 

2 •  5  0  k  0  ut+  «  . 

*. 0  0  0  fl  fl£- 0  2 

10 

i 

5.257372-05 

6 . 5ft  1 70  l ♦  fl  1 

3  •  00  OC  C ;  +  0 1 

2.50uu0etu. 

9.000001-02 

11 

1. 

b . 1 210  22-0  5 

7.73o8p£tfll 

J.OOOwGl+uI 

2«5uGjJl^«33 

^*uGu  Jul*l}^ 

12 

1  1 

7.015392-05 

a.376602t0l 

(PlkC£NT) 


-5  •  42 3  71et  00 
-5 . lB232Etflfl 
■4 • 9o91J£t  Ofl 
-ft  .  a2722£t  flu 
-4.6i777Et00 
-ft . 5b5  35et  CO 
-4.45633£t0J 
-4.35a37t.tOfl 
-4 . 26946Ltflfl 
-4.  la325ttflG 
-ft  •  11 3b3c.t  j 0 

-5 • 316tbt>  flu 

-5.063622*00 

-4 . 8o2202*  00 
-4 .  69433:.*  30 
-ft. ppflft/Etflfl 
-4. 42fto2c.tflO 
-4.313  54£t  00 
*4 • 2l39lt* flu 
-4 . 12  39 3c* flu 
-4  •  0 ft2  u9£t  flu 
-3.9&718E* Jfl 

-5.21 a  23E*  00 
-ft • *p5ft2£t  Jfl 
-4 , 74  711;*  u 0 
-4.57  4ftlc*0fl 
-4.427 16E*  0 J 
-4.2*92Jl*00 
-4 • 1 *640  £+  00 
-4.085862*00 
-3.9*543b*u0 
-3 . 91 3472*  00 
-  3 . 8  3d  71l  *  JO 

-3.12  7252  +  00 
-4  .  855b Jl*  Ub 
-4  .  641562+00 
-4.464  952  +  0 0 
•4 • 31 5l5;*  00 
-4.io559c.tju 
■4 . J  7 169l*0Q 
-3.97095£tflJ 
-3.0du49Lt jfl 
•3.7*3  77£t0 J 
-3.72443£tflO 
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TA8Ls  A-i  (0  Jsl ) 

TYPE  I  GAGE  DESIGN.  FR2s-FI2lO  12A5JR2MENTS.  CARoE  rl£  cVENT 


LENGTH 

- srmfl 

lOJ?  SPACING 

PRI 

SEC 

MUTUAL  1N0UC 

6 A 02  FACTOR 

1 INCHES1 

(INCHES! 

(INCHES! 

TURNS 

TURNS 

(HENRIES) 

(a^«hH7jS£;) 

3.000002*01 

3 .030002*00 

6.00333E-32 

2 

1 

2  •  544712-06 

3 . 1319  Is  *0  u 

“T.OOOCCstOT- 

'3.000002*00 

2  •  0  0  0  OH £-02 

3 

'? 

6  .,903112-36 

6.51a07s*0k 

i.omiictoi 

3.000032*00 

6.300302-32 

4 

3 

1.273922-05 

1.575242*01 

J.00QD0E*01 

3.000002*03 

6.000002-02 

5 

4 

1.983462-05 

2 .*56942*01 

3.000002*01 

3.000302*00 

6.300002-02 

6 

5 

2 .8Q269s-u5 

i«W73G£*Gl 

3.0D000E*0i 

3.000002*03 

6.000002-02 

7 

0 

3 . 71 9b5s-0  5 

4 .820892*01 

3  .000002*01 

3.0000 32*03 

6.000002-32 

8 

7 

4 . 7234os-09 

5 . s75J  72*01 

r.omjfiOEt&r' 

3 .0000 JE*  03 

6.3dd' Ods-32 

9 

3 

5.805602-05 

7 .229222*01 

3.000002*31 

3. 000  Ofls*  CO 

6.D000G2-32 

13 

h 

6.95932E-05 

B.67425s*01 

3.00000E+01 

3.000002*03 

6.300032-32 

11 

i- 

3.1 777us-05 

1 . u20  2  32*02 

3. 0011002*01 

3.000002*03 

6.D0Q3Q£-G£ 

12 

ii 

5.455432-05 

1 . 180  6  42*02 

3.000002*01 

3.000302*00 

7.000002-32 

2 

i 

2 .441762-06 

3. j3b64£*0u 

1.000002*01 

3.000002*03 

7Tin)"3iniE-u2 

3 

2 

6.695432-06 

8 • 14o7  3s*oo 

3.000002*01 

3.000002*03 

7.000002-02 

4 

3 

1 • 212632-05 

1 .501502*01 

3.000002*31 

3.030002*00 

7.300002-32 

5 

4 

1.881792-05 

2.334352*01 

3.0  0  DO  0  s  ♦  0 1 

3.00G03E*C u 

7.300j3s-32 

6 

5 

2 .551152*05 

3.293982*01 

3 .000002*01 

3 • U  00  0  Q£*  Go 

7.000002-02 

7 

6 

3  •  508372-1.5 

4.365172*01 

3.0000CE*C1 

3.00000s*Cu 

7.300002-02 

B 

7 

4.443432-05 

5.535512*01 

3.00000£tQl 

3.000002*03 

7.000002-02 

9 

8 

5 .443022-05 

6.794662*01 

3.000DDEt01 

'  3.000002*03 

7.000302-32 

10 

i 

6.515092-05 

8 .133842*01 

3. OOOOCEtOl 

3.000002*00 

7.000002-02 

11 

i. 

7.636602-05 

9.545472+ul 

3.00000£tOi 

3.000002*3  u’ 

7.000002— OE 

12 

ii 

8.813312-05 

1 .102302*02 

3.00000EtOi 

3.3G003s*03 

6.303032-32 

2 

i 

2  ■  352632-06 

2.901882*00 

3 •QQOOOE+Q1 

3.ooOOoe*oo 

"  6. odd 0  02-0 2 ' 

3 

2 

6 « 329302-Go 

7 . O2o97s*0b 

3.00000£tO  l 

J.u0003s*0u 

8.300032-32 

4 

3 

1 .159672-G5 

1 .437712*01 

3. OOOOOstul 

3.300002*03 

6.300302-32 

5 

4 

1.794012-05 

2 .2263  72*0  1 

3.000002*01 

3.300302*3. 

6.303b02-32 

6 

5 

2 .523332-05 

3.135652*01 

3 . OOQOOE*0 1 

3.0QQ00£*Cu 

6.300302-32 

7 

c 

3 . 326*32 -«  5 

* • 14455s*  01 

3 . 000002*0 1 

3.000002*03 

6.300332-02 

8 

7 

4.202622-05 

5 .242  942*01 

T.  OOOTOs*  0 1 

3.000332*03 

B.30000E-02 

9 

3 

5 . 1 4J832-05 

b.*2J  772*01 

3.000002*01 

3.030302*03 

6.30J0Q2-32 

13 

6 . 134302-05 

7 •  b695  72 ♦ C  1 

3.000002*01 

3.000032*00 

6.003002-02 

11 

1 3 

7,1 7727c-C5 

8 .96211s*01 

3.000002*01 

3.0000fls*0j 

O.300302-02 

12 

11 

8  .2  647  9E- 1#5 

I.u3521£*02 

3.000002*01 

3 . J3QQ 32*03 

9.300302-32 

2 

l 

2.27415s-06 

2 .307722*00 

T.fl00002*ul 

3.3QQJJE*uO 

9.300302-02 

3 

2 

6.094922-06 

7 .547112*00 

3.00000E*G1 

3 . OCG  3  02*  03 

5. 000  0  Os-32 

4 

3 

1  ■  1 13b7s-C5 

1 . 36151s  *0  1 

3.000002*01 

3.uG0Q02*G3 

5.000 j0s-02 

5 

4 

1.7 1637s-u5 

2 .I35l0s*01 

3.000002*01 

3.000002*03 

9.000002-32 

6 

5 

2 .405452-05 

2 . 996452*01 

3.000002*01 

3.030002*03 

9.000302-32 

7 

6 

3.1 6695s-05 

3.9503  4s  *01 

3.000002*01 

3.000002*03 

9.300302-32 

6 

7 

3 . 9916  72-05 

* . 966422*01 

3. OOOOOstul 

3.00000s*uj 

5.000302-02 

5 

4 .872432-05 

5.b9J45s*01 

3.Q000CE*01 

3.000002*03 

9.000002-32 

10 

* 

5.802162-05 

7 .2dJ8Qs*01 

3.000002*01 

3.000002*03 

5.093302-32 

11 

1- 

6.7  75602-05 

8.490582*01 

3.000002*01 

3.000002*00 

9.000302-02 

12 

11 

7 .788Jat-i»5 

9.767  892*01 

sKRLiR  TsRN 
(PERCsNO 


-6 1  62  8  63l*0u 
-6.352622*33 
-6  >  1  3  j  56E*  u 3 
-5 .9*3*7s*00 
-5.7bl34s*uJ 
-5.bJal7s*0J 
■5  •  50  9  99s*  03 
-5.394012*30 
-5.26822£*b0 
*5.191 06s*  03 
-5 • 1 , 1 3 Js*  uO 

-6.50  7722*00 
-6.2l8u9s*0D 
-5.965882*00 
-5.7^1u2£*uJ 
-5 . o22o7s*  0 3 
-5  .47499s+0u 
-5.343132*00 
-5.2243Js.»C0 
-5 • 116  33E*  00 
-5.017532*00 
-4 .926602+00 

-6.397042*00 
-6 • u9  5  35s*  On 
-5.85441stu0 
-5.b53C5s.tC0 
-5.43  0  01s*uu 
-5  •  32  3  ‘.bit  00 
-5.l93c7s*0C 
-5.07  30  5£tC0 
-4 • 9b3b5s+  00 
-* . o6  3  662  +  00 
-4.772  34£t Ju 


-6 . 2  94  542*  0  0 
-5.9o2l2s*00 
-5.733 bOs  Zb 
-5.52678£t00 
-5 . 3*9  79s+  00 
-5 . 1 9 540s*  00 
-5 . C5»ol£t  00 
-4 • 9j6o4s*  uO 
-4.82b39£tOJ 
-4 • 72614s t jO 
-* . 63*  *1 s*  Ou 
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T  VPc  I  jiu: 

OcSIGN,  bl S 

bJN  4  N  J  S1A- 

-  SCAlc  pXPi. 

USI9-  TESTS 

LcN&l  rt 

HI  jTrt 

. 003  S34UI*S 

PHI 

3  l  L» 

IUTUAl.  iNJJx 

b»S2  FACTOR  ERROR  TeRM 

(INCHcS) 

U.TCHcS) 

(INCHES) 

TURNS 

r  j*ns 

( fl£  NRI  £S) 

/  MV  \  (PcRCcNT) 

\(*MP*H1/ JSeC/ 

6.GG00lc  +  ..G 

4  1  G  U  G  j|jl"Ci 

4.u0uu3E*j2 

2 

1 

2  a  9u  873c- 3/ 

1 . ob 7 0 1  £ + 0 G  - 3  a  33 60 5E  + 0 0 

D«OOOt»Ci^uj 

‘t,  J  J  JJ  J_-Ci 

4*jC0uw£.“i2 

3 

7  •J71buL**w7 

4. 69  261 £  +  3*  -3.377132+00 

b.GOQGOE+uu 

4»juGCu£“iil. 

4»^uJ(iGCi*32 

4 

j 

1  •  2  d3lli.~jb 

o.lt>2892  +  GG  -2.09G16c+Gfl 

i.GJQGCc+ux 

4 . u  u  j  u  Gc- G 1 

5*^G3uui*j2 

2 

i 

2  a  62563c-G7 

1.67x7t£4bG  -3.12uo4c+i.u 

baGQOGCc+GG 

4.L, 3GJGc*Cl 

i>»uQGuG  — 

3 

2 

b  a  5521 2c-0  7 

‘♦.179642  +  GG  -2.852b3c+GJ 

j.OOuGGE+wi 

4»UwwwUi“wi 

5.3GCG3£-*2 

4 

i 

1  a  1262  4£-ub 

7.19738E+Gu  -2.679oQ2+G0 

d.GCCGC_»l.u 

4»uulJ  J-"Lil 

b • J C  u  a C J  2 

2 

1 

2  . 3962  j£-u  7 

1.527552  +  iil  -2.93347c+xJ 

j.OGGOGc*-ju 

4«wuGjJd*ui 

e. GG  3  G  0  E-G  2 

J 

> 

5.tt971bc-ii7 

3.7ba6o£  +  fl,j  -2a67ab5c+Q3 

6 a GO  3  G  C£  +  *  u 

4a3GGGGE-£l 

6.30..GG--32 

4 

i a  3  0275£-36 

b.4191bc+0b  -2.5x1  4bc  +  ju 

S.GG0jC£+Gj 

5«uwwjG^~ui 

4aj3G0G£*G2 

2 

1 

3  a  223ob£-u7 

2.12461E+GG  -4.3j7b8£400 

S.OQOGOE+xU 

5aGjGC0£-t.l 

<♦.  3  Du  0  3£ *0  2 

3 

2 

1  a  2 7346c-u7 

».cl474i40u  *4.Jbbb4£+QJ 

i .  03  0  G  C  c  +  o  G 

5«uGGJ<itaMGl 

4a33uuG£~x2 

4 

3 

1  a  455542-ud 

■».1967u£4Gl  -3.32733E*Cj 

iaQG6GGt+J« 

5fj0oUJl“j2 

2 

t 

2.932ilc-u7 

l.s4751i+ux  -4.137boc+G0 

>.GJ0G0c+..3 

>  •  G  0  J  J  u-  “  u  2 

3 

2 

7  a  •♦2&3b2*G7 

4.o9h1C£4Gu  -3.3G9o3£+Gu 

i.GOOGGE+jG 

5*jGGjJ— “wi 

5.0QuuGE-x2 

4 

3 

I  .  2  92  x7E-i,6 

8.135362+GG  -3.57379E4G0 

jaODGGCc+uG 

5.iaGuj3£~i-l 

6. 30  C  G ic-G2 

2 

1 

2 .697672-07 

l .  703392*Gi,  -3 . 91 7o7£*  00 

S.QOGOC£+jG 

5 . GGu  3G£-C1 

ba)OOGG£-32 

3 

2 

6 . 7 >» 7 72c*G7 

4.27H27£*i»t  -3.5s83J£400 

i  •  JO  u G  G  J 

3 igwOgJm'OI 

b. 333 jGc-j2 

4 

J 

1 . 162l3c-G6 

7.37b2G£4GG  -3.35229£»i.O 

p.OGGGuc+uo 

6 • G  G o J J-- o 1 

4.3QGjGE-.<2 

2 

1 

3 . 46#l4£-u7 

2.l703G£*0x  *5.46J28c+uO 

SaGOOuGc+uu 

6auGGJGc-cl 

4. 3  0  0  J  GE  -3  2 

3 

2 

9 .3 4149C-G7 

6.b4539£*GG  -o.03057£9G0 

>iGQQQGc.*GG 

6.COOOOE*ul 

4 

3 

1 . 6  G  41 5E- Gb 

iaxO  4462  4-01  -4. 79213c +  Gu 

3aQGGuGc+GJ 

6aJGG3Gc*bl 

P.G0G0C2-32 

2 

I 

3 . 19422c  —  u7 

1 . 99277 E ♦ Ou  -5. 177192+  xO 

6.0GQGii£  +  Gu 

6  a  it  0  U  0  j  -  *  u  1 

b  •  u  3  u  j  G  «  —  G  Z 

3 

2 

o  a  1  776ijt-C7 

6al2088£+Gx  -4.78435c+G0 

SaGOQOG£+GG 

6  aaUQ JJl-G1 

5.300 302-02 

4 

i 

1  a  43 5bb£-u6 

9axlbtl£+UG  *4  a ♦ 9 1 6 J C+ G 0 

j.GJjGGc+xu 

6.bjGUuE*ul 

b. GGO  J0£- J  2 

2 

1 

2 .95533c-G7 

1 .348 12£  +  CG  -4. 927672+00 

i.GOGGoE+bu 

5  a  a  JG  0 ii£-  u  1 

6.3333 3£-J2 

3 

2 

7 .4a062c-67 

4  ,o9693£  +  0u  -4.527582  +  00 

6aGQG0Gc+GQ 

b»ujGuJ--Gl 

bt0u0GwL*i}2 

4 

3 

1  .3C393c-Gb 

O.189532+00  -4.234442+GO 

TA3.2  A-J 

TYPl  I  GA02,  GENERA,.  DESIGNS 


LENGTH - 

WIDTH - 

TBBrmciiiS" 

PR  I 

Sc.* 

bUTUAL  lNUJO 

(.Aoc  FAGTOic 

(INCHES) 

(INCHES! 

(INCHES) 

TURNS 

TJRNS 

(HENRIES) 

/  HV  \ 

— 

UfiP»HH/js2ij 

2.00000E*C1 

Z.aBC0CE*03 

6«GQGGGE*y2 

2 

1 

-1 .368432-08 

2.57765E400 

z.oooinic^Ji 

""ZTfl'inrB  ernrr 

a .  0  0  3  0  3 Ev3  2 

~3 

2 

3.b8263L-3b 

6.359692*0. 

Z.BBOBUE*ul 

Z. 000002*03 

S.  000002-02 

4 

3 

b .b65b3c-0b 

1 .244652*0 1 

Z.OQ080E*01 

z.oooooe+oo 

6.000002-02 

5 

'+ 

1.319912-35 

1  .  a j a462* 3 1 

Z.OBBOOE*01 

z.oooooe*g; 

O.0000C2-.2 

b 

5 

1.410542-. 5 

2.b5dJ4L*3l 

2. 0000CE*Q1 

2. 0000 OE 403 

1.J03 j j£-il 

2 

1 

1 .289842-08 

2.399662*0. 

2.0fl00d£*0i 

E«0dG0G£+Gu 

l.O  OTTJO  £  -  01 

3 

2 

3. 3693 32-36 

6.32o02l*0u 

Z.SBBOOE+Ol 

Z.0C0Q0E*0u 

1.000002-01 

4 

3 

b . 0  6  53  5l-C6 

1 .139172*31 

z.booooe+qi 

Z. 3  GO  302*03 

1.000002-01 

5 

4 

9 .244892-36 

1  .734352*31 

Z.OD 00  0  2*3 1 

Z  .000002*00 

1.000032-01 

6 

5 

1.277542-05 

2.400962*01 

Z.OOOOQE*Ql 

Z  .00000c*  00 

1. 200  002-0  1 

2 

1 

1 .209132-06 

2.254262*0. 

ZTDOOTTOefOr 

X.00000I*GG 

lTTDUD'Jc-ii 

3 

2 

3 • 1 53dttE-3b 

5.995162*00 

Z.OBOfldc*01 

2.00000E+03 

1. 200002-01 

4 

3 

5 .815942-06 

1.353582*01 

Z.0000GE*G1 

2.0G0J0E*CG 

1.200002-01 

5 

4 

d  •  4  76b 7o-Gb 

1.593/42*31 

7.0000DE+D1 

2 .  OQOOOE* 03 

1 .200002-31 

6 

> 

1  •  1 64822-05 

2.193632*01 

2 .000  0  0c*ul 

2 • GGGOQc* 0. 

1.403202-01 

2 

1 

1.1 412  5l-G6 

2.131452*00 

Z.flSGO0c*Cl 

2 . JOUOO£*Oj 

1. 40 0002-01 

3 

2  •  9535ot-0b 

b  tbSu7 3c ♦ U  J 

2.000002*01 

2.0000flc*0G 

1.4000CE-01 

4 

3 

5. 223412-06 

9.019122*33 

2.000002*01 

2 • 000  OQE* 00 

1.40000l-J1 

b 

*■ 

7 . 8  375b£-G6 

1 • .7  0432*  0 1 

Z. 000002*31 

2 .000002*00 

1.400002-01 

b 

5 

1.J7121E-.5 

2.321582*01 

Z«fl(J00CE*fli 

2 . 000  0  JE*  00 

!• 60  J  j u£-31 

2 

1 

1  .0  82632-. 6 

2..25222*00 

2.dOO00E*Gl 

'2.000002*00 

“T.broict-31 

3 

2 

2 . 778262-36 

5 . 216572*  0. 

Z.QQ000£*0l 

2.300002*3. 

1  •  60  C  a  y  £ •  G  1 

4 

3 

4.68  73 9t-ub 

9 .202352*0  » 

2.000002*01 

2 . 0  00  OQE*  0 . 

l.bOOOOE-fll 

5 

* 

7.29353L-0b 

1 .376312*01 

T.«OOOE*Ol 

2.0000 J£ 43. 

1.600 012-31 

6 

b 

9 • a  21362-36 

1.97557l*01 

4.000D0E+01 

2.000002*00 

o. 000002-02 

2 

i 

2.6974b2-3b 

2 . 57  63  32  *  0. 

8.000002*01 

2.000002*00 

o.OOGOQE-32 

3 

2 

7  .1 663  3l-36 

6.a5520£*Ob 

V.OQOOOE+31 

2You(njoE*co 

6. 000002-02 

4 

3 

1.298562-05 

1 . 2.37 52*  01 

8.000002*31 

2.00000E403 

b. 30  0  0  32-32 

5 

4 

1 .986932-35 

1  •  '9.6962  *  u  1 

6.00000c*0i 

2 .00 00 32*0. 

6.000002-32 

b 

5 

2 • 768562-05 

2.356792*01 

3.O0QOOE*31 

2.0000  0  c  ♦ 0  3 

1.003002-01 

2 

i 

2. 50 5172-36 

2.a9bl9;*GC 

4.000002*01 

2.00000E403 

1.300002-01 

3 

2 

o.6 .2412-36 

b . 923532 *  0. 

4 • OOOOCE*G1 

Z  •  G  0  0  0  3 1  ♦  C  i 

1.000002-01 

4 

3 

1.166932-05 

1 ,13d272*bl 

4.0000 0E401 

2 .OOOOOE4CO 

1. 000092-01 

5 

4 

l .805032-05 

1.732852*01 

^.HBBOBE+Ol 

2 . JOOOOE43 j 

1.300. 02-01 

b 

3 

2.496462-05 

2 .39o742*  01 

3.00000E401 

2.00000E403 

1.2030CE-01 

2 

i 

2 .353792-36 

2 .252762* .0 

i.OO'OOOEtOl 

2 .00000240. 

1.200032-01 

3 

2 

6.144102-06 

6.j90o72*0b 

4.  OOOQOE+Ol 

2 .000002* 03 

1.230302-jI 

4 

3 

1  .0  96512-.5 

1.0 526a 2*01 

(..OOOOOE^Ji 

2.000302403 

1.203002-31 

5 

4 

1.6557  8l-05 

1.592242*01 

♦.0fi0G0£*0l 

2.000002*03 

1.20000l-01 

b 

5 

2.27 8222-05 

2.191362*01 

♦.OOOOOE+Ol 

2. 00000240. 

1.4030 02-31 

2 

i 

2.223522-06 

2.12,d952*ou 

b.dOOOGttOl 

2 .0000024  0. 

1.400302-01 

3 

2 

5. 758672-06 

5  .  j2o24l ♦ 0. 

..oooooE+ai 

2.00030240. 

1.400002-31 

4 

3 

l.o  £0dQ£~iib 

9.o0al42*0u 

3. 000002*01 

2.000002403 

1.40 0002-31 

5 

4 

1.533262-05 

1.474932*01 

4. 000002*01 

2.000002403 

l'*QG  OCi-yl 

3 

5 

2. 097412-. 5 

2. .14342*31 

3.000002*01 

2.0  000024  CO 

1.6fl0J0c.-ui 

£ 

1 

2.110932-06 

2. .23722*0. 

3.000002*01  " 

2  •  d  GG  J  Gt ♦ G w 

1.603002-01 

3 

2 

5 . 4267dt-06 

5«El£udc+Qw 

♦•000002*01 

2. 3 00 002403 

1.600002-.1 

4 

3 

5.55dl5t-3o 

4.1933a£*Ou  1 

4.oooao£*oi 

2 . 000  00£* GO 

1. 800302-31 

5 

4 

1.425312-05 

1.374a2L4bl  ■ 

♦.000002*01 

2.00000240b 

1.600  Ja  :*wi 

6 

J 

1.944172-35 

l.a73332*Gl 

7H 


2RR3R  (c.RH 
(PlRGc.NI) 


-6  •  0  2  3  472*  0  0 
-5  i  6649bL*b3 
-5  »  41 3  use.  *  ill) 
-5.20  052l*Cj 

-5.7*117l*00 
-5 .43J37l*0G 
-5.155b7L*C0 
-4.930ad2*00 
-4.74220t*03 

-5.5a5772*30 
-5.21 3  55c. ♦ u  0 
-4 • 92  849l* . 0 
-4.699672*G0 
-4.5lOl7c.4CO 

-5  •  43  0  422*  00 
5.31 7  kit* uQ 
4.72776l*QG 
4.49756l+0u 
4 . 33b  46t*Lb 

5.233  782*00 
4  •  b 4 3  G3l ♦ C 3 
4.54774E*6b 
4. 31 7b02*b0 
4 . 12  a  75c.*  03 


-3.0  52242 *00 
-2 . bobu42*CG 
-2. 759o4l*  3  0 
■2. 65464c*  00 
•2  •  3bo342*  0 3 

■2 . 93903c*  03 
■2 . 765»3t*i,j 
■2  »  63 258c*  1 3 
■2.5c5.Jc*.0 
■2 . 43  56ac*  00 

•2 . o  39  »bc* 3 J 
•2  •  699b02 ♦  0  G 
•2. 52322c*b0 
•2 . 414652*  00 
•2 . 325622*0. 

•2 • 74  8  992*3. 
■2 . 56-.57l*G3 
2. 42 7072*00 
2 .31ao52*00 
2.23uol2*GQ 

2 • obobbe ♦ u  . 
2.4  /954c*  00 
2  •  34 1 1  dc*  C 0 
2 .23362c*03 
2 •  14  705c*  GO 


I 


r ablc  a-j  (cost) 

T VP£  I  GAGE,  GENERAL  DESIGNS 


LENGTH 

WIOTH 

. OOP  SPACING 

PRl 

5iZ 

MUTUAL  1NOUC 

U AGE  FACTOR  ERROR  TcRN 

(INCHES) 

(INCHES) 

(INCHES) 

TURNS 

TjRNi, 

(HENRIES) 

/  N9  \  (PERCENT) 

5.0GG0C£*gl 

2.-00002*0. 

d*GQoGj£~J2 

2 

1 

4. 0  06172-06 

2 . 5760  72+  00  -2.043672*00 

3 . 0  0  0  0  u  c.  ♦  G 1 

2 .gOGGGi*  G* 

8.000*02-02 

J 

2 

1.064822-05 

6.854372*00  -1. 93511c* OT 

5.0JGGuc*gl 

2 .000302*0. 

a#  000002-02 

4 

3 

1 .930352-05 

1.243622*01  -1.85G72E*aO 

j.ooggo£*gi 

2«a  ao  002*0. 

0.000002-02 

5 

4 

2.957552-05 

1.90669E*ai  -1.781672*00 

i . 03 o a it*«  i 

d  •  J  g  a  iJaL^  ilu 

Of  IS J J02-.2 

b 

5 

4 . 1181 0t-05 

2.656382*01  -1.723702*00 

StOOOiiC^iii 

2.000002*00 

l.aooaaE- ai 

2 

l 

3.726362-Gb 

2.39791E*0u  -1.968842*00 

3«0t)QGci  +  ul 

2.000002*0. 

1.000002-01 

3 

2 

9.81451E-06 

6.3227Qc*0b  -1.854 7TE ♦ 00 

i.uQ0o0£*-Dl 

2 .000002*0. 

1.300002-01 

4 

3 

1 . 765122-05 

1.138102*01  -1.767022*00 

5.ogggge*gi 

2.000002*0; 

1.000012-01 

5 

4 

2 . b852 32-05 

1 .732572*01  -1.696422*00 

:>.Q3GGGl*u1 

2 . JOG  002*  0. 

if  soa asE-si 

6 

5 

3.7 14912-05 

2.399322*01  -1.637962*00 

s*  QOG  G  u£  +  u 1 

2.000002*0; 

i.2aaacE-3i 

2 

i 

3 . 49310E-0S 

2.25248E*00  -1.902802*00 

a*  aaaaac»gi 

2  MiaGa 

i.2oaaj£-ai 

3 

2 

9.13&312-06 

5.889842*00  -1.784632*00 

5.000002*01 

2.000002*0* 

1.200032-01 

f 

3 

1.631222-05 

1.052512*01  -1.695082*00 

5.00Q002*gl 

2.GG0GJctC; 

1 . 20  0  0  32 -0  l 

5 

4 

2 . 46555E-05 

1.591962*01  -1.624022*00 

5.000002*01 

2.000002*0* 

1*  2G  G  j  3  l  1 

b 

5 

3 . 391322-OS 

2.190972*01  -1.565912*00 

6.000002*01 

2.000 jgc*Oj 

l.AaaaoE-ai 

2 

i 

3 . 3 0  5452-06 

2.129682*0*  -1.843332*00 

j.ooaoct^ii 

Z  •  y  d G 2  tic ♦  G  j 

i.*o jqoe-oi 

J 

2 

8 . 56575t-0o 

5.525412*00  -1.722302*00 

o.OOOODtf B1 

2 .  aaaa  Jc*-a  j 

1. 400002-*! 

4 

3 

1 . 519C5E-05 

9.807482*00  -1.63190E*00 

s.qgoqoe+oi 

2  #  JOGG Jc*GJ 

i.  *00002-01 

5 

* 

2 . 2  824b£*05 

1.  *.74662*01  -1.561122*00 

3.cocaaE»wi 

2  •  U  J  0  i  dc.  +  w  w 

1.400 JSE-S1 

b 

5 

3 . 123112*05 

2.018922*01  -1.503672*00 

5.ooogg2*gi 

2.000*02*0. 

1 . 60  U  0  0--U  i 

2 

1 

3.138892-06 

2.j2344£*UU  -1.789002*00 

5.000002**1 

2»aCGuki»+w* 

1»63GJGl**«a1 

i 

2 

8 .074262-06 

5.211252*00  -1.666032*00 

o  #  oo  a  a  o  e*o  i 

2 

1*60  JuGc-wl 

4 

3 

1.422o92-G5 

9.191712*00  -1.575562*00 

i.00SDG2*jl 

2.gogggc*g; 

l.boaaoE-ai 

5 

‘4 

2 .1263  32-00 

1.374542*01  -1.505532*00 

3.000002**1 

2awJCGJw^Uu 

l.bOGSuE-jl 

b 

6 

2 . 895702-05 

1. 972922*01  -1.449462*00 

2.oooaa£*iii 

2 .50b*J2*b3 

O.J00JC2-02 

2 

1 

1.509202-06 

2 • 757262* Ou  -7.7*7082*00 

2.000002*01 

2.5GuJJc*0* 

9. GG*G0c-G2 

3 

? 

4.3  33142-06 

7 . 396112* Ou  -7.343642*00 

2.0000tic*01 

2 • 50*  0  Oc*  0* 

9.00000^-02 

4 

3 

7 .347422-66 

1.351432*01  -7.022992*00 

2.0Q3GCE*gl 

2 .5JOJJc*OJ 

9.000002-02 

5 

1 .130a62-05 

2.u85222*01  -6.756342*00 

2.oaogCi*ui 

2 •  5  J  0  J  32*  0 j 

e .000002-02 

6 

5 

1 .58133c-05 

2. *22092*01  -6.528302*00 

2.Q30G0c**l 

2 .5000o2*00 

1.300G3c-Ol 

2 

1 

1 . 408082-0O 

2.576972*  0  0  -  7 j_4  7  7  75  2  *JiO_ 

2.00000^**1 

2.53030c**. 

1. 0  0  0  0  02 -31 

3 

? 

3 .732162-00 

6.963352*00  -7.048262*00 

2«0uGuG2*ul 

2. 50030c**. 

l.OOOOJc-gl 

4 

3 

6.750912-06 

1.245352*01  -6.710162*00 

2.000002*01 

2.50*0*2*0. 

I.OOOuOl-OI 

5 

*♦ 

1 .032*62-05 

1.909582*01  -6.431662*00 

2.000002*01 

2.5oOuOc*og 

1 .  g  0  0  0  —  2  —  g  1 

6 

5 

1 .435392-05 

2.560722*01  -6.195632*00 

2.Q00G0c*ul 

2 .500 J0c*0 j 

1.200002-01 

2 

1 

1 .325652-06 

2.433392*00  -7.239432*00 

2.000002*01 

2 • 50  0* 02*  0. 

1.200002-31 

3 

2 

3.487402-06 

6.426522*09  -6.7S931c*00 

2.000002*01 

2.500  *  Oc*  Ol 

1.200002-01 

* 

3 

6.2672SC-06 

1.159092*01  -6.438372*00 

2 . 00  Qb  0  - 1 

2 .5gOOJ2*Cg 

1.2GG002-.1 

5 

4 

9. 529522-06 

1.767172*01  -6.151952*00 

2.0000G2*«1 

2 .500002*0- 

1 . 20 . 0  gC  -3  1 

5 

5 

l  .317932-05 

2.449562*01  -5.911202*00 

2.000*02**1 

2.5o0J0c*0l 

1.400002-01 

2 

1 

1 .256122-06 

2.310392*00  -7.024152*00 

2.u00002*ul 

2 . 500  002*  0 g 

1.400002-01 

3 

> 

3.281502-06 

6 .0621 32* Ob  -6. 557532*00 

2.00Q00c*wl 

2.5Gjj0c**g 

1. 400002-01 

4 

3 

5 .66179L-06 

1.086562*01  -6.197192*00 

2.00000^*01 

2.500u02*0g 

1.400032-jl 

5 

4 

8.8  6546E-06 

l.o4785t*ul  -5.905632*00 

2.030*02**1 

2 . 5G  0  Q  J2  *  * . 

1.4D0GGc-*l 

6 

5 

1  .22024E-05 

2.273332*01  -5.662372*00 

2.0000*2**1 

2.5G00Jc**. 
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4*bOuub-4-l 

•)  •  Mt  J  v»  «  «i  C.  4  L  B 

libuudd.Bdi 

1 

A 

2 .487 49c.-ot. 

2  •  94731  £  ♦  Gi»  -4.32  3bit*00 

♦  •  WuUUUE^O  1 

lioou  jo;U  • 

AlbCuJdH'il 

3 

> 

b.525«.o£-wo 

6.17199£*j.  -4.355ob£+jU 

4«uOGGb£^wl 

itddbjJitL. 

liOb4wJ.*dl 

‘4 

> 

l  . 13  o2  7^*01  -  3 . 9*.  9  79  -  ♦  u  0 

4*bJbbG£4Gl 

3lJoujJ>^b. 

A.  »  b  0  d  d  L  ^  *  J  1 

b 

4 

1  .  7  7345^-1,5 

1.6395G£*31  -3.bb37Gi.*4U 

4i  (jvouUwUi 

i|«  JOwJLU. 

1  iQOuddL'dl 

o 

2  ..tom**! 

2.j25soif-l  -3.545o3c.*00 
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Mil.:.  A-i  (La'll  I 
TY3£  I  u: SIGNS 


L£NGIN 

man 

- OJ3 

(iNCNtol 

( IriCHcSI 

UNCHESI 

o.GOflGC£*-yl 

3  •  GuG GGi*  G«* 

o  •  G  G  i  a  3  £**2 

i.CJi>Cc£»yl 

o.GJCGy£-y2 

b • Qdu G C  3* J 1 

3«GGGCGc.4t».J 

o«j&GJ3_~G2 

6 • CiC  Uu:*£ 1 

3«GG3Cj£+Cv 

o#*ov*GG£-j2 

i*GGGww£*Gl 

3  •  9Uk  y  IfC^  «  • 

0  >uC«9l<w*b^ 

j«0.2yy:*yl 

1 • - u  «  3  u  £• J 1 

3«wGGoG£.  +  «1 

3«CuuGG£+Gl 

3 • G  G  u  GG&+  w  « 

s • GaCuCw^wl 

itaaUaal^ a • 

1 • G a  j  w j 1 

i  •  G j  J  G  Ci  1 

3 . j  3  y G *:♦ »  . 

l*»Guuai*-i 

i i 2  9  J  -1*3 1 

3«G3GwC£+G1 

1.20y»C£-Gl 

b  •  GGu  w  G~  +  w 1 

3  • U  j  U  Ju -♦ U w 

l«2bubkl*bl 

3*WUUUm^+m1 

itauawJiH. 

li2Cwib.*al 

JtliJkUbw^hl 

j  l  M  1.  <  9  < 

i(2tbbb**«l 

3*GwWwC-^wl 

1 • *G  G  G  0 ^  1 

3  •  GG  W  W  W  -  ♦  w  1 

li-tJwlial'al 

3«uJiyu:*'»l 

it#wb44*^w« 

!• H jbalabl 

b*wCuCGw+ul 

i  • Uwk  y u  w 

3«UUU«w.^ul 

3  t  w  <  b  a  Mb  ♦  A*  - 

l«Obw9«.*jl 

3  •  GG  G  G  G  -  *  u  1 

3.  y. 

D  •  GG  U  u  C  •  ♦  w  1 

jiaJbaijl^by 

1  •  OU  U  ^  £  «.  •  J  1 

3  •  w W  G  U  C -♦ w  1 

1  •  Oy  li  J  wlay  1 

3«CwcoC-*j1 

i.yy-bblty. 

PKi  3£G 

UIJAl  i.OJy 

GA3£  FAGTOk 

TU3N5  IJkyi 

(rt£N*I£Si 

(auP’NN/  JSei) 

a 

1 

4  <3641  jflib 

2 . iu  y  3  b:*  y  u 

3 

2 

1 .22i27£-y5 

7 . o24i o£*ul 

<t 

3 

2  .25475c-G3 

1 . 43bal£* G1 

5 

4 

J.<4l27:*ia 

2 .22b83£*ul 

o 

s 

•»  •  i  C  o 53: - G£ 

3  .  I34y  .  :*i.l 

£ 

1 

y.27s»c:“yo 

2 ./ 22u2£*uy 

3 

2 

1.14422C-U5 

7 .2iGbb£*dy 

4 

3 

2iJ63>1l*«> 

1 . 0  3  y  42 1.  ♦  y  1 

3 

4 

3 .21 jaSt-yb 

e  •  y  5y  Jb£»  Jl 

6 

3 

*♦  .  ibGa  7e-y  5 

2.s7jl»:*yl 

2 

l 

*♦  .  j  **o2  y:- Jo 

2.i7b35£*Gu 

3 

1  ..7yiyc.-y5 

o • :552G £  *Gy 

4 

i 

1  .i47j*fu5 

1.24378£*ai 

, 

2  .  ib 33u£-u5 

1 . i J  oib£  *  y 1 

6 

j 

4  •  1  52a  o:  -yi 

2.o5b7i£*yl 

2 

k 

3  .o4iai:-yo 

2 .yb32bo*y  v 

3 

2 

1 • . loybc-C5 

o.yo773£»yt 

*♦ 

i 

l  • 1 3 2 J 2o-ui 

1..7yj2;*jl 

3 

2 ■ 7i2*5:-ui 

1 . 730431  * »1 

3 

- 

ii:7yl.;*u; 

2.-7 3y}l*.l 

2 

; 

3«oay2ae-yO 

2  .13  0031*01. 

3 

1.b593ae-ub 

o.  :/.l2£»Jy 

4 

3 

1 .  7 322  4: -  y > 

1  •  1 u 7 3o.*ol 

5 

4 

2 .o2a4si.-G5 

1.jo223i*l. 

o 

3  ,o2811:-C5> 

2  .o2yi2:*0i 

£kk3i<  Ic^H 

(p^conii 


-3.2346J;.*  j J 
-3  •  ua77t£*liJ 
-2.i7y7Je.yUJ 
*2  •  07  32Ge*  J J 
-2  •  7 o97acy»<u 

-3.l377i£yCJ 
-2 . i a 127:>  U J 
-2 • oS  77y£y  ud 
-2 . 73576c*>ju 

-2 . 301 22 £♦ Cy 

-  3  •  3  52  24£*  Gu 
-2 • os  suit* j 3 
-2.75jb4c*.G 
-2 . o3toi£ *00 
-2 . 3o6  3<»:»  l  3 

-2 . i7 5«s:* .» 
-2 • 0. ibo:*  G d 
-2 • o72b3e*  y  G 
-2 •  3o 5  74£ ♦ G  j 
-2 . -7  03 ie*  2 J 

"2 • i-**— yo*by 

-2 . 72 i -to*  yd 

-  2  . 31 ■.•»3e» .3 
-2.ioOJ3:*3u 
-2.3i7u3:*jQ 
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TABU  A-4 


TYPE 

II  GAGE,  GENERAL  1 

DESIGNS 

LENGTH 

WIDTH 

LOOP  SPACING 

PRI/SEC 

HUTUAL  INDUr 

GAGE  FACTOR 

(INCHES) 

(INCHES) 

(INCHES) 

PATTERN 

(HENRIFS) 

/  MY  > 

VAHP*MM/l)SEQ 

2.GJ000E*n 

2. OOOOOE  400 

8.000C0E-02 

00X00 

2 • 471 0r F -06 

4.63306E433 

Z.OGuOOE+ai 

2.  0  3  00  3E  40  0 

8.00000E-02 

000X000 

3.3773  3E -C6 

6.30706E*00 

2 •G0000E+01 

2.03003E400 

8.0G300E-02 

0000X0000 

4. 15954E -06 

7.785  3OE4'I0 

z.oooeoE+a  l 

2. OOOOJE4GO 

B.OCOCOE-Q2 

COXOOXOO 

6.41 301E-C6 

1 • 1 98°7E4  01 

2.00000E401 

2. OOOOOE *00 

8.CCG0OE-02 

000X000X000 

8.6062CE-06 

1.613>2E431 

2  .BOQOGE+Pl 

2 . 0  0  000E ♦ 00 

B.C0003E-02 

OOXCOXOOXOO 

1.14037E-05 

2.13’ 94E+01 

2.GOoraof40i 

2. 0300 Jt 400 

8.00000E-92 

000X000X000X000 

1.50806E-05 

2.83574E431 

2.G000CE401 

2.  0  0  00  QE  +  or 

1. OOOOOE -01 

00X00 

2 • 2747*F -06 

4.24781E40C 

2  .  U  j0  0  (!E  *0 1 

2. OOOOOE *00 

1.00 OOOE -01 

000X000 

3.08477E-Ot 

5 . 77646E  »00 

2.00000E+01 

2.GJ003E400 

l.OCOOOE-Ol 

ooooxrooo 

3.77317£-06 

7.08175E490 

2.00000E401 

2. 0990 OE 400 

l.OOCOOE-Ol 

00X00X00 

5. 8342  St -Of 

1.09362E491 

2VOOOOCE401 

2.00003E+00 

1.00000E-01 

000X000X000 

7.75275F-06 

1.45761E401 

2.00000E401 

2.  C 003 JE*09 

1.0GC39E-91 

OOXCOXOOXOO 

1.02708E-CE 

1 .93072e*0l 

2 . 00000E  +0 1 

2.  00009E4QC 

l.COOOOE-Ot 

000X000X000X000 

1.3429CE-CE 

2.53223E4C1 

2.GOOOOE431 

2.  OO  OOOE  400 

1.20 OOOE -91 

ooxoo 

2.  UallE-Ob 

3.95826E400 

2.00300E+01 

2. 0 0 OiOOE ♦  00 

1. 20003 E -01 

000X000 

2.84772E-C6 

5.14493E40C 

_2'.jSOOOE4  0  1 

2. GO 0C0E4O0 

1.20000E-01 

0000X0000 

3.46O7eE-0f 

6.5U04E4CO 

Z.GOOuOE+Dl 

2.30003E400 

1.20000E-01 

COXOOXOO 

5. 3665oE-06 

1.0C82IE401 

2.00000E401 

2. OOOOOE *00 

1.20000E-01 

000X000X000 

7.Gfa721E-06 

1 .33186E+  01 

2  •  OOOOOE 40  l 

2.  OOOOOE 44) 0 

1.20 OOOE -01 

ooxooxooxoo 

9.  362UE-C6 

1 .76395E401 

2.000 J0E*01 

2. OOOOOE +00 

1.20000E-01 

000X000X000X000 

1. 21172E-05 

2.2902JE+91 

~z'.iraoooE40i 

2.  00003E400 

1.4G00uc-01 

ooxoo 

1.98082E-C6 

3 .71417E*  30 

2.00000E+01 

2.CG090E409 

1.4CC03E-01 

000X000 

2. 6489GE-06 

4.98200E400 

Z.OOOOOE+P 1 

2.  OOOOOt+CO 

1.40 OOOE -01 

ooooxoooo 

3. 19961E-06 

6.03263E40G 

2.0U000E401 

2. OjOOOE+OC 

1.4CC03E-01 

00X00X00 

-..97584E-06 

9 • 36705E*  39 

2.GOOOOE4D1 

2.  00 OOOE ♦  00 

1.4C000E-01 

000X000X000 

6. 49830E-G6 

1.22719E+91 

2.GOGuOE40 1 

2.  OOOOOE  +  OO 

1.400G0E-01 

ooxooxooxoo 

8.60924E-OE 

1 • 62537E*  01 

2.UOOOOE401 

2.  09000E409 

1.40000E-01 

oooxoocxoooxooo 

1.10412E-CE 

2.09U2E491 

2.00000E+9 1 

2.  POOOOE  +  OO 

1.60000L-01 

00X00 

1. 86‘ 13E-06 

3 .59  345E  +  0  0 

2.00000E43 1 

2.09003E400 

1.6G000E-01 

000X000 

2,47  8 16E  -Of. 

4 .66959E  +  00 

2.000u0t40l 

2.  03  0G3E  403 

1.60000E-31 

0000X0000 

2 • 9761 9E -Of 

5.62217E400 

2.0000GE401 

2.00003E403 

1 . 6000  0E-01 

00X00X00 

4 ,6417  6E -16 

8 .75391t»00 

2.TTG0  OCE  +0 1 

2.  09903E4CO 

1.60000E-01 

000X000X000 

6.01524E-06 

1.13807E401 

2.G0GJGE43 1 

2.  0  0  OOOE  +0  3 

1.6000'*E-01 

00X00X00X00 

7. 97C99E-C6 

1.50  757E*  91 

2.0DDOGE401 

2.00003E400 

1.60000E-01 

000X000X000X000 

1.01 381E-G5 

1 .92357E4  01 

ERROP  TERN 
(PERCENT) 


-5.67471E400 
-5. 40  C  76E  *0  C 
-5.173-*4E+00 
-5.29117E400 
-4  a  9B999E  *0  0 
-•*•99940  E  *3  0 
-4.6BET9£400 

-5. 41 544E  49  0 
-5.12290E+00 
-4.88236E400 
-5.916O8E430 
-4.70127E430 
-4 • 71 766E  *0  0 
-4. 39557E*0  0 

-5 • 18755E  *9 0 
-4.88033E+00 
-  4. 63  G  J  2£  490 
-4.77833E40C 
-4, 4541 9E  O  0 
-4.t*774’E*00 
-4.150-.3E430 

-4.983’3E*00 
-4.66427E+CC 
-4. 40676E  *0  0 
-4 , 56829E  *0  0 
-4.23772E+00 
-4.  26 763E *0  0 
-3.93772E+00 

-4. 7973*E400 
4. 46936E  *00 
-4. 29  629c  *3  C 
-4.37998fc»00 
-4, 0447  9E  40  0 
-4.08118E400 
- 1. 74926E  *00 
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TABLE  A -4  (CONT) 

TYPE  II  GAGE,  GENERAL  DESIGNS 


LENGTH 

WIDTH 

LOOP  SPACING 

PRI/SEC 

MUTUAL  INOUC 

GAGE  FACTOR 

ERROR  TERM 

(INCHES) 

INCHES) 

(INCHES) 

PATTERN 

(HENRIES) 

(—SL  ) 
Vamp*mm/use(V 

(PERCENT) 

•r.oaoucoi 

2.  0300JE400 

8.00000E-02 

OOXOO 

4.83  839E-06 

4.60007E+00 

•2. S8261E+00 

"y.OOyyGE+31 

2. CJOOJE*OC 

A.03303E-02 

000X000 

O.57949E-06 

6.3G257E+00 

-2.74963E+00 

-.3330 02 *31 

2.303035*33 

8.00000E-02 

0000X0000 

8.U244E-06 

7.77931E*30 

-2 . 64004E+0  0 

‘••-yOuCE+Ol 

2.030C3E+CO 

8 .  0  C  00  3  E  -02 

00X00X00 

1.250Q7E-05 

1 •  19607E*  01 

-2. 69756E+00 

•,.CC0aG2»01 

2.  00003E+C3 

8.  O0GO3E-O2 

000X000X000 

1.679S8E-C5 

1 .61227E* 01 

-2.55274E+00 

*»  .  .  0C  y  y£  ♦  0  1 

2.0000JE+C0 

8.0 G000E-02 

00X00X00X00 

2.22584E-05 

2.136155+01 

-2.55786E+00 

•♦.COGOCE+Ol 

2.  COOOOEtOC 

8.QC0CQE-02 

000X000X000X000 

2.9477GE-05 

2.83304E+01 

-2.40849E+00 

4..03GCE  Cl 

2.  0300JE  +  00 

l.OCOOGE-Ol 

00X00 

4.43162E-06 

4.24481E+00 

-2.75667E+00 

•••COwOCc+Ol 

2.  C  3  OOOE  ♦  C 0 

1  .  0  0  00  0  E-01 

000X000 

6.01769E-06 

5.77197E+00 

-2.61533E+00 

■..OOPIOEO  1 

2.  CO  OT jE *3 0 

1.00000E-31 

0000X0000 

7 . 36866E -  0 6 

7.Q7576E+00 

-2.4995TE+00 

*»Gyl30£t0l 

2.  00033E+00 

l.OOOOOt-Ol 

00X00X00 

1 • 1 3868E -05 

1.09272E+01 

-2.56490E+00 

a  .C00CCE»r 1 

2.00001E*OC 

l.OCCOOE-Ol 

000X000X000 

1.51528E-05 

1 .45626E+  31 

-2.41446E+00 

4.CC00CE+01 

2.3u30DE*0n 

l.OGOOOS-Ol 

00X00X00X00 

2.00727E-05 

1 .92892E+01 

-2.42308E+00 

N.GOCOCE+fl 

2.£Oyaoe*Go 

1.0C0C0E-01 

000X000X000X000 

2.62835E-05 

2.52951E+  01 

-2.27104E+00 

•♦•COJyLE+Ol 

2. 0300 OE *00 

1.200C02-01 

ooxoo 

4.12489E-06 

3.95526E+03 

-  2 . 64622E+0  0 

W.uOQyt^+G  1 

2.0300jE*00 

1.2C000E-U1 

000X000 

5.561 41 E -0  6 

5 . 34041E ♦ 0 0 

-2, 49829E+00 

...OOCyyE+3  1 

2,  03JG3c*C3 

1.20C00E-01 

0000X0000 

6.76634E-06 

6.50506E*00 

-2.37850E+00 

*».C30GyE*Cl 

2.03000E*00 

1.2000DE-01 

00X00X00 

1.04894E-05 

1 . 00  734E+01 

-2.4S071E+00 

4.w,0yQCE»G  1 

2. 030032*03 

1.2CP0CE-01 

000X000X000 

1.38285E-05 

1.33051E+01 

-2.29680E+00 

4."330C2*0  1 

2.  QC0QJ£*Q3 

1.2CC00E-01 

00X00X00X00 

1.83169E-05 

1 .76216E+01 

-2. 3Q8S8E+00 

.  0  (Jy  05  +  3  1 

2. Jy003E*GC 

1.2C00OE-01 

000X000X000X000 

2.37425E-05 

2.28754E+01 

-2. 15603E+00 

-».-3y3Cc*Cl 

2. 0i003E*G0 

1.40000F-01 

ooxoo 

3.86660E-06 

3.71117E+Q0 

-2.54741E+0H 

4.„00GCE«-C  1 

2.  C030JE*00 

1.40000E-01 

000X000 

5.17823E-06 

4 .97751 E*  00 

-2.39439E+00 

*.C00CCE*3  1 

2.3J033E*C3 

1.4C003E-01 

0000X0000 

6 . 262 1 4E -  0  6 

6 .0  2661E+  00 

-2.27178E+00 

■»  ..  03  0  CE  *01 

2.  000335*y0 

1.40003F-01 

00X00X00 

9.73126E-06 

9. 35607E+  00 

-2.35029E+00 

H . y  u  G  y  yE  +3 . 

’.C330JE*30 

1.40000c *01 

000X000X000 

1 • 27279F -05 

1 .22584E+ 01 

-2.19436E+00 

‘..uOOuuE  +  Ql 

2.«1000E*00 

1.4GC00E-01 

00X00X00X00 

1.68600E-05 

1 .62357E+  01 

-2.20981E+00 

4.C3y3GE*31 

2.  J0303E*0C 

1.4r000E-31 

OOOXJOOXOOOXOOO 

2.16550E-05 

2 .0  6844E  +  01 

-2.05711E+00 

*♦•100005*01 

2.o)oo:e»co 

1.6000CE-01 

00X00 

3.64387E -06 

3 .50  046E  +  00 

-2.45775E+00 

-,..3C3«£t)  1 

•>.  0  3  3  035*00 

l.e^OODE-Ol 

000X000 

4.84883E-06 

4. 66510E+  00 

-2.30084E+00 

•4.C33CGE  +  3  1 

2 . C  3  GO  3E  *0  0 

1.6P000E-01 

0000X0000 

5.83023E-06 

5.61618E+00 

-2. 17642E+00 

4.u,»u'.*Cl 

2.  3  0yC15*03 

1.6CCQ9E-01 

ooxcoxoo 

9.  0  8570  E -C  6 

8.74493E*00 

-2 • 26060E*0  0 

,« ,uOgyr  *j 1 

2.3 30035*0 3 

1.6CU00E-01 

000X000X000 

1 .17921E-05 

1.13673E+01 

-2.10364T+00 

•  y  CC  0  3c  *0  1 

2.  i  j  03  Qc  *Gy 

1.600005-01 

00*00X00X00 

1.56234E-05 

1 . 50  578  E*  01 

-2.12231E+00 

+  -  1 

’.  C  j3?..5*C0 

1.60000E-01 

000X000X000X000 

1 . 990  QTE -05 

1 . 92089E  +  01 

- 1 . 97033E+00 
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TYPE 


T  ABLc  A-4  (CONT) 

II  GAGE,  GrNtRAL  DESIGNS 


LENGTH 

WIDTH 

LOOP  SPACING 

PPI/SEC 

MUTUAL  INOUC 

GAGE  FACTOR  ERROR  TERM 

(INCHES! 

1 INCHES 1 

(INCHES) 

PATTERN 

(HENRIES) 

/  M*  \  (PERCENT) 

(amP’HM/USEC/ 

..00uCE+'’  1 

2. OOOQ3E4GO 

9.000,nE-02 

00X00 

7. 14506E -0  6 

4.59951E700  -1.93163E400 

•  ncu-Et:  i 

0  jOOTZ.  +  V'! 

■'.00C00E-02 

000X000 

9.78C95E-06 

6.3017*£400  -1.64434E+00 

•cujQCE+03 

2. 0  jOOJE  +  OI 

A.OCoaCE-02 

0000X0000 

1.20649E-05 

7 ,77823E+  GO  -1.77173E400 

.ouoot^o  i 

?. o-oeic+ao 

6.0GCG0E-02 

COXOOXOO 

1.85864E-06 

1.19790E+01  -1.80975E+00 

.'.aocvis+ni 

2. jojoit+or 

smOGSE-a7 

000X000X000 

2.49S34E-C5 

1.61202E4Q1  -1.71449E+00 

•  c  0  0  G  C 

2. 0  JOCJEtO J 

6.UJC90E-C2 

ooxooxooxoo 

3. 3109CE-06 

2.13581E+31  -1.71798E+00 

•  u u  0  o vE ♦- 1 

2. D0003E+C0 

8.GH00E-32 

000X000X000X000 

4.38673E-35 

2.83254E+01  -1.62C35E400 

•GOOGbE+J  1 

2.  OUCJE+Oj 

1.33003E-31 

ooxoo 

6.&8781E-06 

4.24426E+00  -1.84849E+00 

•COjJCc+11 

2. GudOIE+OO 

1.0G3C3E-01 

000X000 

8.9496CE-CG 

r.7711‘.E+00  -1 . 75535E+0  0 

.  COO-CE  +  M 

2. ojoo:e*g a 

l.GOOOCE-Ol 

0000X0000 

1.09628E-05 

7 . 0  7465E  +  90  -1.67927F400 

•  «  j  0  j  0"  4}  1 

?. wOOOJE+OS 

l.Q  rCGCt-01 

COXOOXOO 

1.69374E-G5 

1. O'1?  56  £  +  91  -1.72239E  +  0  0 

•  t  0  C  Oi  £  +  C  1 

2.  o 

1.Q3C0JE-01 

300X000X000 

2.25499E-C5 

1.466U1E401  -1.62364E+0C 

.COOQCEO  1 

2. GOOGIE+OO 

1.0CGC0E-01 

00X00X00X00 

2 .98707E-05 

1 •  92859E*  91  -1.62948E+00 

•  CO  u3CE  +  0  1 

E.OJOCjEyOC 

l.OCCOOE-Ol 

000X000X000X000 

3.91719E-C5 

2.52901E+01  -1 . 5 JP12E  +0  0 

•  C  wC  1  Oco *C 1 

2.  COOCjE+CO 

1.2CC03E-01 

00X00 

S.13399E-06 

3 . 95471 E*  00  -1.77563E+00 

•  1 

2.  CDOCJ_*Oj 

1.2C0G3E-01 

000X000 

8.t7409E-C6 

5.33958E+00  -1.67828E»00 

.OCCCCEK  1 

2.0JuCjE+C0 

1.2C33CE-01 

0000X0000 

1.00796E-05 

6.5C395E400  -1.599S0E+00 

. t o o o c ^  >:i 

2.t:009E*03 

1.200Quc-01 

00X00X00 

1.56021E-C5 

1.30717E401  -1.64731F400 

•LuUww.+C  1 

2. Z J0g3E+CC 

i.HiHJE-Ol 

000X000X000 

2.058&7E-D5 

1 • 3  30  26E*  01  - 1 . 54  651  £  +0  0 

•-CjOuE+C  1 

2. 9304JE+03 

1.2v,C03E-01 

00X00X00X00 

2.  72  d’7E -0  E 

1.761 835+01  - 1 . 5546TE  +  3  0 

•  COuuC^tD  1 

2. OjJC'E+CC 

1.2C003E-31 

000X040X000X000 

3.53617E-C5 

2.28704E491  -1.45511E+10 

•  CwOuCr<*r  i 

2. C100GE4O3 

1.40C0QE-31 

00X00 

5.75I71E-C6 

3.71062E+,'0  -1. 71C50E+00 

.c  "Cjce ♦:  i 

2.  u.O.’Oc  +  C" 

1 .4  CC  G  0  E- J1 

000X000 

7 , 7065&E -  G6 

4 • 97667E ♦ 0 0  -1.60991E410 

•  GOGCucO  1 

2.090C3E+:: 

l.UCGOQE-ai 

0000X0000 

9,32  332E-GL 

6.32550E4"0  -1.52954E40C 

•  CO.  •  0  £  ♦  0  i 

?•  C  3  OQ  Jc.  ♦  C  j 

1.4.CGCE-01 

OOXOCXOO 

1. 44847E-C5 

9.35641E1 00  -1.58118E400 

.u  03  J.c<  3 

2.  C  j  0  0  :  £  +  C  3 

1.4CC33E-01 

000X000X000 

1«*S5***E-C*> 

1.2255  '>£401  -1.47951E400 

« *j  wC  QG  -O  1 

2-  ujjCjE  +  G^ 

1.40  3CCE-3T 

00X00X00X00 

2.51368E-3E 

1.62324E+01  -1 .489925*00 

.  i  y  j  o  c :  ♦  3 : 

2- C3GC3=.  +  C? 

1.4C  3C3E-01 

000X000X000X000 

3.2?628t-Cr 

2.087 94t+0l  -1.39C86E400 

. C  G  Cll  +  C  1 

2.  u  ;  0  0  3  E  *  C  3 

1  .6CC0Gc-01 

00X00 

p#h?19>4E“06 

3.49990E+00  -1.65145E+00 

. : 0- he* ) : 

?.  a  3  C  u  2  £  ♦  CO 

1. 6  9  03  3  E -01 

000X000 

7.213411 -06 

^w66*427E  +  00  “l«54845E4-0  0 

•  uQuGcc.  +  » I 

u 

1.6CCG3E-31 

ocooxrooo 

d . 68  ?9l E - G6 

5.61507E40C  -1.46735F+00 

.C0C0C£+31 

2t030C3E+Cn 

1.6CG00l-31 

COXOOXOO 

1.35276E-06 

8.74327EtOO  -1.52259E400 

.rGuCt.E+01 

■>.  C  JOC3E  ♦  0  C 

1.&CC09E-01 

JCOXOOOXOOO 

1 ,75659E-05 

1 .13648E401  -1.42032E+00 

•^wC3Ct*C 1 

2.  C  3  3C  320  a 

1. 63303  £ -01 

33X00X00X00 

2. 32717E-05 

1.5C544E+01  -1.4328*E+00 

»i  l  j  00c  i 

’.C j)iJ£*C’ 

1.6COOOE-01 

330X000X000X000 

2.96573F-t,  5 

1 .92r39£401  -1.33468E+00 
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mi_.‘  a -4  icont> 


t  y  t- c 

IT  GA j£.  Gc  NO  DAL 

TESIGNS 

LENGTH 

N  IOTrt 

LOOP  SPACING 

p-'t/se  r 

MUTUAL  INDUE 

GAGE  FACTOR 

(INCHES) 

( i (ch;si 

(INCHES) 

OAT  TERN 

(HENRIES) 

/  MV  ') 

V«MP*MM/'JSrC/ 

«; .  -  o :  c  c  z  + " : 

2. 5:  k  i-.  +  c: 

o.CrOOOE-02 

00X30 

2. 70524L-C6 

4.9bl20E+C3 

2.-Jw-CE+r 

2.  j  3  0  3  jE  +  0  ) 

8.3CC00E-32 

000X000 

3.?i9°"2-ce 

6.8-2832+CQ 

i 

2.50  CODE*''1 

b.oioocc-o? 

0000X0000 

•..6C7oCE-Cf 

8 . 4Q  7C  6E ♦ C  C 

2.4  u3wcc.  + Cl 

2.  >0  j  0  3 1  ♦  w  a 

8 .  (.  0  r  0  3  E  -  3  2 

00X00X00 

7.0884-.E-06 

1 .306632+31 

E.-oaCE*’  1 

2.5./33.E+03 

8.CCC00E-Q2 

300X000X000 

9 . FB921 C -0  6 

1  .77224E+C1 

2 .  c  c  o  c  t  -  +:  i 

2.  5CGn]c  + J.. 

fl.CCOOOE-32 

OOXOOX 00X00 

1, 27103 E-CE 

2. 3-8915+01 

C.uCuwCE+Gl 

2.  5J0GJE+„0 

8.C  :0C3f-02 

OOOXO^CXOOOXOOO 

1 • 6967  BE  -  05 

3 . 14718E+01 

Z.l-CCiE+CI 

?.  5  j  00  3E  +0  3 

i.CCCCCE-01 

00X00 

2 . 53  41G  t -CP 

4.6C531E+C0 

C.-dcJ-c+C  1 

2. 50  3.1-+C: 

l.OCOOCE-Cl 

000X000 

3. 42010E-06 

E . i 1  0  42E+  n  0 

2.L-LCUE  +  P  1 

2.  53  0CCt  +  39 

1.0CC0Ct-31 

ccooxoooo 

4.21C44P-06 

7.78978E+30 

2.- jOOGE+ri 

*.50130t+-j 

1.CGG09E-01 

00X00X00 

O.49323E-06 

1 . 1 9954E+  Cl 

2.CGC0CE+01 

C.PjOO.E+C" 

1.0G003E-01 

oocxoooxooo 

8. 707B8E-06 

1  .61 4625  +  Cl 

2.yQ00C£+0l 

2.5  J  CC3E+C3 

l.ocoooc-oi 

30X00X00X00 

1.15387P-05 

2.1 3929E+  01 

2...0J0CE+:  1 

2. 500D0£+CC 

l.Cr00GE-01 

OOOXJOOXOOOXOOO 

1.5248?c-CE 

2.83775E+01 

2.iCwJCP+31 

?.503<'lE*w’' 

1. 2300 3 E -01 

ooxoo 

2 . 340  3QE-06 

4.31498E+3C 

2.CJ00CE+3  1 

2.  53ujJE+00 

l.ECOOGt-Gl 

000X000 

3.17649E-C6 

5 .876722+  00 

2.lCw3CE+01 

2.5 joCJE+C? 

1.2C003E-01 

ooooxcooo 

3. P8852E-C  6 

7.21458E+CC 

c.COOCCE+O  1 

?.53300l+JC 

1.2CQ03E-31 

coxooxoo 

6.91093F-0P 

1.1 1 351E+  Cl 

2.CjCjbE+Cl 

’.snooE+oc 

1.2CCG3E-01 

000X000X000 

7.  99699E -  0  6 

1 .4B703E+01 

2.l0uju£+C 1 

2.50303E+C3 

l,?C3CCt-3l 

00X00X00X00 

1.0595JE-0F 

1 . 96975E+  0 1 

2.0JCG0E+C1 

2.53303E+GC 

1. 2 7 300 E -31 

000X000X000X000 

1. J672PF-05 

2.58923E+G1 

2.4QjGlF+C  1 

’.  5 . 00  3E  +  C  C 

1.4C  COOt-Ol 

00X00 

2. 2025FF-06 

4 • 3  6997£+  00 

2.COj3CE+Cl 

2.  533QJc+C3 

1.4G000E-31 

000X000 

2, 97181E-0P 

F .511325+00 

2  •  L  j  3  0  In-  +  0  1 

2.  5  J  3  0  3c  +  C  C 

1.4C JGOE-31 

0000X0000 

3.61*7CE-0b 

6 .73095E+  30 

2.CGJgCE+31 

2.53003E+CC 

1.4CC03E-01 

00X00X00 

5.6G68»E-C6 

1.04113E+01 

2.uC0CCE+31 

2.  530./  3E  +  J0 

1 .40CG0E-31 

000X000X000 

r.4C‘.2PE-06 

1.3802JE+01 

2.30 300E+C  I 

2.  -j  0  OOCE  +  O  C 

1.4C030E-01 

00X00X00X00 

9. 80911E-06 

1 .82808E+01 

2.-000CE+C  1 

2.5Sdu32+0: 

1.4nT09C-01 

000X000X000X000 

1 , 27363E- 05 

2.38306E+31 

2.oGl3CE+3  1 

2.  5jGC3E+00 

1.60300c -31 

00X00 

2.0  8366E-06 

3.85821E+00 

2. CO  OOCE+C  1 

2.  53 J OOE  +  CC 

1.6cGC3E-31 

000X000 

2.79569E-06 

5.19607E+00 

2 . C -3  302  +0  1 

2.  FJOOOc  +  CO 

1.6CGCQE-01 

0000X0000 

3.38715E-06 

6 . 31468E+  00 

2 .  Cu j 0  OE  +0 1 

2.  53  0C3E  +  03 

1.6C303E-31 

00X00X00 

5. 2oG29F-06 

9.78873E+00 

2.0000C2+C1 

2.  5000j£+0C 

1.6GOOOE-01 

oooxoooxooo 

6.89851E-06 

1.28883E+31 

2.00UJCE+01 

2. 53  0  30c +  0  0 

1 • 6C  OOOE -01 

30X00X00X00 

9. 13934E-06 

1 .70697E+31 

2.CO0GCE+0  3 

2.  5G33i«c  +  00 

1.6GCG3E-01 

000X000X000X000 

1.17754E-05 

2.20823E+01 

erpop  term 

(PERCENT) 


-7.33R2BE+00 

-7.31453E+30 

-6.74379E+0C 

-6.87490F+00 

-6.51126P+00 

-6.51639E+00 

-6.13C27E+00 

-7.C3E83E+D0 
-6.68B14E+00 
-6.39911E+30 
-6.5479BE  +0  0 
-E.16410E+3  0 
-6.17554E+30 
-5.77427E+00 

-6.76929E+00 
-6.4G1S4E+00 
-6.09850E+30 
-  6. 26  377P  +0  0 
-5.86474E+30 
-5.88299E+30 
-5.47127E+00 

-6.52957E+00 
6 . 14565E  +0  C 
5.83C90E+00 
6.01142E+00 
5.60088E+00 
5 . 625  96  E+0  0 
5. 20696E+00 

6.31088E+00 
5.91312E+00 
5.58923E+00 
5.78795E+00 
5  •  36452E+0  0 
5.39635E+00 
4.97204E+00 
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TABLc  A-4  (CONT) 

TYPE  II  GAGE .  GENERAL  DESIGNS 


LENGTH 

WIDTH 

LOOP  SPACING 

PRI/SEC 

HUTUAL  INOUC 

GAGE  FACTOR 

(INCHES) 

(INCHES) 

(INCHES) 

PATTERN 

(HENRIES) 

/  NY  \ 

- - 

UnPWuS  S(V 

4.0  015  3  6c  +0  i  ?. S3QOOEVOO 

0.000006*02 

OOXOO 

5.223956-06 

4.956536*90 

4.000J0E*P1 

2. 50003£*00 

8. 000006*02 

OOOXOOO 

7.193756 -C6 

6.835786*00 

4.000006*91 

2.500002*00 

8.0C0006-02 

OOOOXOOOO 

8.920956-06 

8.487716*00 

•  00  u  006  *3  1 

2. 50000E*00 

8.000006-02 

OOXOOXOO 

1.371626-05 

1.304206*01 

4. 000006*01 

2.  SO 00 3E  *0C 

8.00000E-02 

OOOXOOOXOOO 

1.858516-05 

1.77014E*91 

4.000 JGE*0  1 

2.50000E+00 

8.000006-02 

OOXOOXOOXOO 

2.4633CE-C5 

2.346116*01 

4.000006*01 

2.590036*00 

8. 00000E-02 

OOOXOOOXOOOXOOO 

3.29412E-C5 

3.142986*01 

4.0000 OE 70 1 

2.  53  003E*0  0 

l.OCOOOE-Ol 

ooxoo 

4.842016-06 

4.600636*90 

4. 000006*0 1 

2. 5000 JE*00 

1.000036-01 

000X000 

6.62342E-C6 

6.303416*30 

4.00000E*01 

2. 500006*03 

1.000006-01 

0000X0000 

8.164486-06 

7. 780436*00 

4.0  00 JOE* 01 

2.53  003E*03 

1.000006-01 

ooxooxoo 

1.250266-05 

1.198246*01 

4.G“oWOe*'fii 

2.509002*00 

1.00000E-01 

OOOXOOOXOOO 

1 • 690  31E-05 

1.612526*01 

4.000066*01 

2.  500006*00 

1. 000006-01 

00X00X00X00 

2.239606-05 

2.136486*01 

•+.GG00GE+01 

2.  500006*03 

1.000006-01 

OOOXOOOXOOOXOOO 

2.964976-05 

2.833556*01 

4.000  00E*0  1 

2. 59  003E  *0  3 

1.20  303  E-01 

ooxoo 

4,530826-06 

4 . 310  30  6*  00 

4.  OOOuOE+0 1 

2.50003E*00 

1.200036-01 

oocxooo 

6.159506-06 

5.869716*90 

4.00000E40  1 

2. 5000 JE*03 

1. 200006-01 

0000X0000 

7.55036E-06 

7.205246*00 

4.000  006*3  1 

2.  53  00  36*0  0 

1.200036-01 

ooxooxoo 

1.168286-05 

1.112116*01 

4 .0  03002*0 1 

2.530006*00 

1.200006-01 

300X000X000 

1.55438E-C5 

1  .•♦84906*01 

4.00000E*01 

2.  50  003£*03 

1.200006-01 

00X00X00X00 

2. O5910E-C5 

1.966946*31 

4.  OOOOOE  +  O 1 

2.5000 3E *00 

1.2C000E-01 

OOOXOOOXOOOXOOO 

2 • 70117E-C5 

2.585006*31 

4  •  u  0 000E*0  1 

2.  5«  000E  *00 

1.409002-01 

00X00 

4.268516-06 

4.065306*30 

4.  C  0  u  0C£*0 1 

2.53003£*03 

1.400006-01 

000X000 

5 • 76919E-0  6 

5 .50431E*  00 

4.0  0  00  0E*3  1 

2.  53000c *00 

1. 400006-01 

OOOOXOOOO 

7 .034866-06 

6.721616*00 

4.00000E*01 

2.530036*00 

1.40000E-01 

00X00X00 

1.08911E-0E 

1.039736*01 

4.000002*01 

2.  5000  3E  *03 

1.40009E-01 

OOOXOOOXOOO 

1.440876-05 

1.378136*01 

4.uOOOOE*31 

2.500006*00 

1.40009E-01 

00X00X00X00 

1. 90863E-0S 

1.825286*31 

4 . 0  0  0  0  0  E  *  0  1 

2.  530006*00 

1.400006-01 

000X000X0  00X000 

2.482806-05 

2.378866*01 

4,uOOOOE*C1 

2. 530036*00 

1.6C0C3E-31 

ooxoo 

4.042056-06 

3.353546*00 

4.ooojoe*r  i 

2.530036*00 

1.600006-01 

000X000 

5.432926-06 

5.189066*00 

4 « 000  0 uc  *C  1 

2.500036*03 

1.800036-31 

OOOOXOOOO 

6.59i85c-ofc 

f . 3L5346-90 

4.OD0OOE+O1 

2. 500C3E*Q9 

1.60C00E-31 

00X00X00 

1. 22282F-C5 

9.774726*00 

‘  *.'u  JO  0  06*3 1 

2. 5300 36 *00 

1.600Q3E-31 

OOOXOOOXOOO 

1. 14387E-05 

1.2867-.6  +  31 

4.000002*01 

2.  5  0  0  0  OE  *0  0 

1  .60  00  9  E -0 1 

00X00X00X00 

1 . 780  1 36  -C  5 

1.704176*91 

4.000002*3 1 

2.500006*03 

1.600096-01 

OOOXOOOXOOOXOOO 

2.29789E-C5 

2.204016*31 

ERROR  TERN 
(PERCENT) 


3.735506*00 
3.57932E+00 
1 3. 449966  *00 
•  3.51 285E  *0  0 
'3.330716*00 
3.341526*00 
3.15049E*00 

3.509256*90 
3.42197E*00 
3.283526*00 
3. 356856  *0  0 
3.173J0E*00 
3.179296*00 
2.990256*00 

3 . 46G64E  *3 0 
3. 254196*00 
3. 13969E *00 
3.21987E*00 
3 • 0  30  886*0  0 
3. 040646*00 
2.848316*00 

3.345216*30 
3.161666*00 
3.012196*00 
3.39963E*00 
2 . 90  6326  *0  0 
2 .919566  *33 
2. 725566*00 

1.240156*30 
3.050626*00 
2. 89  7536  *0  0 
2 • 991586  *3  9 
2 . 795406*00 
2.812366+00 
2 . 61740  E  *00 
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TAOLE  A -A  (CONTI 
TYPE  II  GAGE,  GENERAL  DESIGNS 


LENGTH  HIOTH  LOOP  SPACING 

(INCHlS)  (INCHlSI  (INCHES) 


PRI/EEC 

PATTERN 


MUTUAL  INDUC 
(HENRTFS) 


GAGE  FACTOR 


ERROR  TERM 
(PERCENT) 


b.GGCGoE+Ol  2.500JjEyCJ  H.CG300E-02  OCXOO  7.741bCE-0b  4.95566E«-00  -2.50478EY00 

6.C00C0E  +  01  7.50303E+00  8.P0003E-02  000x000  1.06659E-P5  E.S3448E+00  -2.4C190E+00 

b.OQOOGE+O 1  2.5O0PlE*u0  8.000C3E-02  0000X0000  1.32322E-05  8.*859#E+00  -2.31620E+00 

b.COOOCE+Ol  2.53033E*00  8.0CQ03E-02  00X00X00  2. C 3*07E -Pc  1.3C394E+01  -2.35833E+00 

6.!,  OQOOE*"  1  2.53003t*0?  8.C3GO0E-02  000X000x000  2.75762E-C5  1.76975E+01  -2.24394E+00 

b.OOOOOE+Ol  2.53303£*00  8.CC000E-02  00X00X00X00  3.65496E-C5  2.34559E+C1  -  2. 24599E +0 0 

6. u03 JOE  +  O 1  2.5jOOJE*03  S.CCC03E-02  000X000X000X000  4,«9052E-05  3.14220E+31  - 2. 1 2599E +0 0 


6.CQ00GE  +3  1  2.  50009E  +  01  1 . "  0  23  0  f -01  00X00  7.17887F-G6  4.59976EOO  -2.40837E  +  00 

o.CJOOOE+ai  2. 5jJ0JE+C3  l.OPOOQE-Ol  000x000  9.8251EE-0E  6.30211E*00  -2.29B30E+00 

6.w«-00E*31  2.50003E+03  1.0C003E-01  0000X0000  1.21164E-05  7.7T870E+03  -2.2Q734E+00 

6.G0C3,.E  +  P1  2.50330E*OP  l.COPOOE-Ol  00X00X00  1.86689E-05  1.19798E+91  -2.25539E*00 

G.OOJCCEyP 1  2.5J300E+00  l.OPOaOE-31  000X000X000  2.50935E-C5  1 .61 213 E*  01  -  2.  13521E +00 

6>Q030uE+0 1  2.53003E*PC  1.0C303E-31  00X00x00X00  3.32485E-0F  Z.13596E*0i  -  2. 1 3953E *0 0 

o.0000CE*Cl  2.5jOOJE*OJ  1.9T09E-01  000X000X000X000  4.4041BE-05  2.8327YE+31  -2.01608E+00 


6. 3000 Ot  <-01  2.  50003E  +  00  1.20003E-01  00X00  5.72019E-06  4.3D944E  +  00  -2.32366E+00 

b.OQOouE+31  ?.53003c*fi0  1.20000E-01  000X000  9.  14Q91E-06  5.86841E+00  -2 . 20  781  E  *0  0 

6.00000E  +  D1  9. 50  OC  3E  *C0  1.2CC0JE-01  0000X0000  1.12101E-05  7.2G35JEtOO  -2.11293E+00 

6.^0QulE+3 1  2.5J000EtCP  1.2QCC3c-01  OCXOOXOO  1.7311PE-05  1.11185E+31  -2.16591E+00 

6,0u30C£+nl  2. 5300jE+Cj  1.2C000E-01  000X000X000  2.30859E-05  1.48451E*C1  -  2. 04214E *00 

b.*033  v<c+Jl  2.5JQ3jE  +  0  3  1.2  0003E-0t  OOXCOXOOXOO  T.C5823E-05  1.96042EO1  -2.04879E+P0 

6.CC3JGE  +  01  2. 5J  0  0  3  E  +u  0  1.2C  3  0  0  E-Q1  0  0  0X0  0  0X000X000  4.01411E-05  2.5P422E+  01  -1.92350E  +  00 


6.C0000E+P1  2.  5300 3l +  03  1.4PP00L-01  00X00  6.33342E-06 

6,G0ouucy3 1  2. 5  3  0  Q  3E  *0 r  1.4000JE-01  000X000  8.56498E-06 

o.t0JduE*01  2.50J03E+03  1.40000  E-01  0000X0000  1.C4489E-C5 

fa.OOuOOE  +  Cl  2. 5303  3c.  ■‘O'1  1.4CPP3E-01  00X00X00  1.61721E-C5 

6.uJo00£+ri  2.5GOGOc+OJ  1.4PCP0E-G1  000X000X000  E.IGOB^E-OS 

6.C000OE+01  2.53000E*j0  1.4C00CE-31  00X00X00X00  2.83571E-05 

b.COdOuE+Ol  ’.SJOGGE+Qj  1.4CCC0E-01  000X000X000X000  3.A9103E-C5 


4,0b44JE+00 
S.5C301E+00 
fc • 7 1 988E+  00 
1 . 0  3947E+  0 1 
1 . 37774E+  0 1 
1.82476E+01 
2.37809E+01 


-2.24789E+00 
-2.12718E+30 
-2.02929E*30 
-2.08£9bE*30 
-1.96C75E+00 
- 1 •  96973E  +  00 
-1.84397E+00 


b.COuJOE+31  5GQGJE*00  l.bCOOGt-Ol  00X00  5.99938E-06  3.85267E+"0  -2.17850E+00 

b.GOOOGc+31  2. 5J00GE+0P  l.6rPG0E-Gl  000X000  8.0b857E-06  5.1877bE+C3  - 2 . 05432E +0 0 

6.0000G501  2.  530QJ£»CG  l.CCCOOt-31  OCOOXCOOO  9,79444E-06  E.303fclE«-00  -1.95423E+00 

u.iiiJJOOi+31  2. 5j  0  0  OE ♦ 3  3  l.bOOPOt-Ol  00X00X00  1.5193CF-05  9.77212E+0C  -2.01628E+00 

6.U03CCE+C1  2.53C33E  +  C3  1.6C0C3E-31  000X000X000  1.99741E-0E  1.28635E+01  -1.88R42E+00 

o.GOOQCc  +  Ol  2.5J  00  3EYGP  1.6C0C3E-31  00X00X00X00  2.b4569E-05  1.70365E  +  01  - 1 , 8997P E +0 0 

b.COOOuE+Ol  2.5J0C3E+C0  1.6PO0OE-O1  000X000X000X000  3.41729E-05  2.23323E+01  -1 . 77  335E4-0  0 
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TA9LE  A-4  (CONT) 

TYPE  II  GAGE «  GENERAL  DESIGNS 


LENGTH 

WIDTH 

LOOP  SPACING 

(INCHES) 

(  INCHES) 

(INCHES) 

ORI/SEC 

PATTERN 


MUTUAL  INOUC 
(HENRIES) 


GAGE  FACTOR  ERROR  TERM 
f  MY  \  (PERCENT) 
$  MP*MM/USEC/ 


2.-.-0j:£*3  1 
2«COuOi/E+Ql 
2  .  Cb  u  i<  i)c  +0  I 
2.CCCGJE+C: 
2  .  C  3  u  3  o  £  *  0  1 
2  .C  J  J  Cl  E  +0 1 
2.0C000E+01 


5.  OinOt+l?!! 
T. 0)033E*03 
T. 3300JE+03 
3.  0  0  30  d£«-30 
7.  0  3  3  3  3E+30 
3.C3003E+03 
3.  0 0  CJOc+uO 


8.CCCC3E-1? 
8.0G0C0E-32 
8. jtOOOE-O’ 

«.srooot-02 

8.0C300E-02 

e.CCCGJE-0’ 

a.orcooE-02 


ooxoo 

OOOXOOO 

0000X0000 

00X00X00 

OOCXOOOXOOO 

00X00X00X00 

000X000X000X000 


2.91033E-06 
4.01961E-06 
4.99846E-06 
7.67831E-06 
1.04467E-C5 
1.38500E-05 
1 • 86159E-0  5 


5.25504E*00 
7.28275E*00 
9.3B227E+00 
1 »  39331E+  01 
1 .90307E+01 
2.52305E+01 
3. 40  554E*  01 


-9.01903ETOO 
-8.64678E+00 
-8.33730E+00 
-  8. 48089E  *0  0 
-8.05890E*00 
-8.05931E+00 
-7 • 60  559E  +  00 


2.003GiE*01 
2.t8w30E  +  P  1 
2.C0JJCE  +  C  1 
2.COQ00£*01 
2.uOuOCE  +  0  1 
2.C0C00E*Q1 
2.CO000E*0  1 


3.  0J00JE»33 
3.  w G  j 03£  y  Gu 
3. C00C3E+C3 
3.  0000  JE  *03 
3.  Ov-OuOtTOO 
3. 03030E+03 
T.  03013E  +  30 


I.OCOjOE-31 
1.0C030E-01 
1.3  C  OC  PE-01 
l.OCOOOt-Ol 
1.00003E-01 
1 . 0  C  00  0  E-01 
1.0C300E-31 


00X00 

000X000 

0000X0000 

00X00X00 

000X000X000 

00X00X00X00 

000X000X000X000 


2.70450E-06 
3.71246E-06 
4.59129E-C6 
7 . 06790  E  *0  6 
9.5438bE-06 
1.26454E-05 
1.68400E-05 


4. 89880E*Q0 
6 .74941 E*  00 
8 . 37293E*  00 
1.28700E»01 
1.74455E*01 
2.31206E*01 
3.09268E+01 


-8.67598E*00 
-8.27678E*00 
-7 . 94265E+00 
-8.10540E+00 
-7.65685E+00 
-7.66346E+00 
-7.18727E+00 


2.30C0CEyC1 
2.v.aaocE+3i 
2.uQOOOE*01 
2.LJu0C* ♦  Q  1 
2.COOCCc*Ol 
2.Guuu0c.*Cl 
2.:03GCE+31 


3.  COOOJE  +  33 
3.  GiOCjE+GI 
3.  3  000JE  H 3 
T.OIOOTE+GO 
3. 330j)£t00 
3,0.0GJ£*Gu 
3.0300JE+Cn 


1.2C300E-01 
1. 2C  uODE-Ol 
1.2C0Q3E-01 
1.2CGG0E-01 
1.20003E-01 
1 . 2GuUQ  E-Q 1 
1.20CQ3E-01 


00X00 

000X000 

0000X0000 

00X00X00 

000X000X000 

00X00X00X00 

000X000X000X000 


2 . 53689E-0  6 
3.462  79t-0  6 
4.260  8  3E -06 
6.57263E-06 
8.80844E-06 
1 • 16722E-05 
1 • 541 3  EE -05 


4.60804E+00 
6 . 31 453E+  0  0 
7.79525E400 
1 .20  046E+  01 
1 •  61585E*  01 
2.14Q92E*01 
2 . 840  20E  +  01 


-8.37321E+00 
-7.94967E*00 
-7.59704E+30 
-7. 77768E+00 
-7.308*  E+OO 
-7.32.,  .  .>2+00 
-6.82892E+00 


2.000GCrYC 1 
2.C  JOOGEO 1 
2.0033-c+C 1 

2.uC0uCl+u1 

2.CU00CE»C 1 
2.G0330EY01 
2.C0J0GE+C 1 


3.  w330JE+Q3 
3.  OJaOTtYuO 

3.  o:ooje  +  c: 

3. QC0C3E  Y33 
3.0jO)3£*OP 
3.C303JE+CG 
3. CJ033E+03 


1.4CC00E-01 

1.43000E-01 

1.40000E-01 

1.4003JE-01 

1.40000E-01 

1.4C003E-01 

1.4CCC3E-01 


00X00 

000X000 

0000X0000 

00X00X00 

oooxoooxooo 

ooxooxooxoo 

000X000X000X000 


2 • 39569E-06 
3. 252  78E -06 
3.98343E-06 
6. 15701E-06 
8.19612F-06 
1. 38593t-05 
1.42294E-05 


4  •  36254E+  00 

5  •  94774E*  00 
7 .30  872E+  00 
1.12760EY01 
1 .50786E*  01 
1 . 99745E  +  01 
2.62975E+01 


-8 . 10  044E+0  0 
-7.65612ET00 
-7 . 28817£»00 
-7.48560E+00 
-6 . 99965E+0  0 
-7 . 01958E+00 
-6.51476E+00 


2.cocac£Yr  i 

2.uujuO£tGl 

2. uQd  OCE  +  O  1 
2  «C  3QujE  +  3  1 
2.C0  3  0CEO  1 
2.GG00uE+3  1 
2.uJ0?GE+31 


3.G)0u3£+3G 
3. G0G0JE+03 
3. j jOOJE+OO 
3.  03001c.  +  00 
3.  G  3  3  0  3Et3) 
3. G3033E+03 
3. G JODE  +  Ol 


1.6C700E-01 
1.6C003E-01 
l^^GOO  c-Gl 

1.6ro00£-01 

1.6LOOOE-D1 
1 .6C000 £-01 
l.SCOOOE-Oi 


00X00 

000X000 

0000X0000 

00X00X00 

oooxoooxooo 

00X00X00X00 

oooxoooxoooxooo 


2. 27383E-06 
3.G7187E-06 
3. 74496E-06 
5.79983E-0F 
T.  6720  4E  -0  6 
1.31643E-05 
1 . 322  35E-05 


4.15020E+00 
5.63092E+00 
6. 88917E*  00 
1.06481ETQ1 
1.41512EY01 
1 •  37436E  +  01 
2 • 450  29E+  0 1 


-7 . 85115E+00 
-7.38888E+00 

-  7. 00  81 4E+00 

-  7 . 221 39E  +  00 
-6.72201EYOO 
-6.74875E400 

-  6. 2345  OE+O  0 
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TABLE  A-4  CCONT) 

TYPE  II  GAGE,  GENERAL  OESIGNS 


LENGTH 

(INCHES! 

WIOTN 
( INCH'S ) 

LOOP  SPACING 
(INCHES! 

PRI/SEC 

PATTERN 

MUTUAL  INOUC 
(HENRIESI 

GAGE  FACTOR  ERROR  TERM 
/  W  \  (PERCENT! 

UMP+Mii/uirq) 

h.GOOOCE+C 1 

g.toooge+oi 

4.GG00CE+3 1 

<*.oooooe+:i 

*+.CJuuJ£+Cl 
4.CQ3CCE+0  1 

4 . OG  OuLc  +C  1 

OOflOOE+CC 
3. 1  JGGOt+OO 
t.  3 ooo :e*0u 

3.  3003 3E *30 
3.uC0Cjc.  +  uG 
3.000C3E+03 
3.  OOuCCE +  G  J 

8.G0300E-02 

A. OCOOOE-02 
•.00C03E-02 
8.0C003E-02 

B. CCC00E-02 
8.00000t-02 
8.0CGJ3E-02 

OOXOO 

000X000 

0000X0000 

00X00X00 

000X000X000 

OOXCOXOOXOO 

000X000X000X000 

5.57762E-06 

7 . 71563E-06 
9.60770E-06 
1.47495E-05 
2.010-.1E-CS 
2.66S35E-05 
3.58956E-05 

5.24832E+0C  -4.60075E+00 
7 . 27266E+  00  -4.422S9E+00 
9.06882E+00  -4.27372E+00 
1 .391 30E+  01  -4, 34328E+0  0 
1.9C005E  +  C1  -4. 1420  3E+0C 
2 .51901E+31  “4.14247E+00 
3 . 39949E  +  01  -3.92816E+00 

<♦  •  GO  uu  OE+C  1 

G  Ou  G  t  E+  3  i 
•»  •  £  C  03CE  +G  1 
t  •  GO  .:ce+g  1 

•..v.uCQGE.0  1 

4 ,u  G6GCE+G  1 
■»•  C3G0LE+01 

3.  OOOOj£+33 
3«  ococoE+or 
3.  COOOCc  +  CO 
3,  j  1  Od  CE  +C  u 
3.  Cu0C3£+03 
3.  0300 3c. +  03 
3. 0  3  GG  3E  +  G  0 

l.ocaooE-oi 

l.GOCOOE-Ol 

l.SOOOOt-Ol 

1.003G0E-01 

1.CCC00E-01 

l.OCuOOi-Ol 

1.0C000E-01 

00X00 

000X000 

0000X0000 

00X00X00 

000X000X000 

00X00X00X00 

000X000X000X000 

5, 19081E-06 
7.13777E-C6 
B.84018E-C6 

1 • 3599GE-0  5 
1.83929E-05 

2 . 4377  OE -05 
3.25304E-05 

4.89207E+00  -4.43563E+00 
6 •  73932£+  00  -4.24439E  +  00 
8.35948E+°0  -4, 08497E+0 0 
1 .28499E+  nl  -4.16373E+00 
1.74152E+11  -  3. 95G8GE  +  30 
2.30803E+01  -3.95490E+00 
3. J8664E  +  01  -3.73119E+0  0 

•»  .G  Ow  0  GE  +0  1 
•..OCO  JOE  +  11 
•+.C  G  GO  ut  +  0  1 
4.G003GE+Q1 
.OOOCE+Ol 
*♦•  CO  Gu  0  "  +0  1 

>..icgo:e+g  i 

3.  G  j  33 3E  +  0 3 
3.0300JE+03 
3.G3003E+GO 
3.3J  03  3E+03 
3,  0  3  000E  +  0  3 
3.  0  j 00 ..£  +  C  J 
3.  C000  JE  +  0  3 

1.2CC00E-01 

1.2000PE-01 

1.2C033E-0L 

1.2CC00E-01 

1.2C000E-01 

1.23303E-01 

1.2GC0IC-01 

00X00 

000X000 

0000X0000 

00X00X00 

oooxoooxooo 

00X00X00X00 

000X000X000X000 

4, 8755CE-C6 
6.66715E-C6 
8.21626E-C6 
1.26641E-05 
1.70067E-05 
2.2534-E-05 
2.98213E-PE 

4.6G132E+00  -4.29C18E+00 
6.30444E  +  0C  -4. 08787E+0 0 
7 . 78181E+ 00  -  3. 92028E+0 0 
1 . 19844E+ 01  -4.00758E+00 
1.61283E  +  01  -  3. 78598E+00 
2 • 1 3689E  +  01  -3.79339E  +  00 
2.83417E+"1  -3.56375E+00 

-•  u  uu  J C  £  ♦  0 1 

4 , G  Guu  C  E +  C  1 
4.CGGGCE+G  1 
-...CJOCE+Ol 
•,,  -COGGE  *01 
•*  •  Guu  0  CE  +0  1 
4.CGGCuE+C 1 

3.  uuo01£+CC 
3.  J  30  33c. +  0  3 
3.  uO  0  G  j c.  +  u  j 
3.0 JOCGE+Cu 
■'.Cu3J7S  +  C0 
3.C  jOCOE  +  33 
3.GjG3 Jc+GG 

1.4C303E-01 

1.4C0CIE-01 

1.4CC00E-01 

1.40C0GE-31 

1.43C00E-31 

1.4C00GE-01 

1.4C300E-01 

ooxoo 

000X000 

0000X0000 

00X00X00 

OOOXOOOXOOO 

OCXOOXOOXOO 

000X000X000X000 

4,60  958E-06 
O.27G82E-06 
7.E9171E-C6 
1.187  84E -0  5 
1«E8*.5bF  -CE 
2. 09928t-PS 
2.75581E-CE 

4.35S81E  +  30  -4. 15942E  +  0 0 
5 .93766E  +  00  -3.94781E  +  00 
7 . 2952  8E+  00  - 3.77365E+90 
1 , 12559E ♦ 31  -  3. 868  93E  +  0  0 
1.5P484E+C1  - 3.64C  T2E  +0  0 
1 .99343  5  +  31  -  3. 65158E  +  0 0 
2.62372E+01  -  3. 4i 811E +0 0 

•...uCGCE+Ol 
•..*.GCcce'+oi 
•..CQuGOE+Ol 
♦ jOce+i  i 
^  C  C  .  L  -  *  ,  1 

■MtfUljjl*.  +  C  1 

-  •  1 0 u  *  ut  +G  1 

3.0JC0  JE  +  GO 
3.C3033E+GC 
3. C33u3E+uG 
3.  0  3CC3E+C0 
3.::o:je»Cu 
3,G„uC3t+Cj 
3.  OuOG uE  +  'C 

1. 63  CO  0  E -31 

1 .6C  nC  G  c-3 1 
..60CCCL-01 
1.6CC9CE-31 
1.6u?03t-Jl 

i.eroajE-oi 

1.6f 0C1E-01 

ooxoo 

nooxooo 

0000X0000 

00X00X00 

OOOXOOOXOOO 

OOXOOXOCXOO 

000X000X000X000 

*,.379*56-0  6 
5.92896E-06 
7.24017E-C6 
1.12022E-C5 
1. 48506E-C5 
1.96725E-CE 
2. 56506E-C5 

*» .  14348E  +  00  -4 ,0401 5c  +  0  C 
5  •  62G  84E+ 11 0  -3.82C68E+30 
6.87574E+0G  -3. 64123E  +  3  0 
1 ,0o279E+Cl  -3.  ■’4  348E  +0  0 
1.41213E+01  -3.51077P+00 
1.87034E  +  31  -3.525  HE +0  0 
2 • 44427E  +  01  -  3. 2892  3E  +  0  0 
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cr>  c 


T  4  3  L  i  A -A  irCMI) 

TYPE  II  GAG7  •  GPNE.CAL  n£SIGNc 


uE  IblH 

A  IG  Tm 

luJC  SPACING 

pp 1/SEC 

MUTUAL  K.OOL 

GAG;.  factor 

PRROR  TERM 

.N^n: 3 ) 

I  1NC“_G ) 

( INCHES) 

PATTERN 

(HENRIES) 

MV  \ 

\AMP*MH/l)Sr"C/ 

(PERCENT) 

o •  .  j  u  3  J  :  ♦  J  1 

M.ccjy'c: 

t>  •  3  y  C  J  E  -a  2 

cc  *00 

t.,433ul-CE 

5.247C7E+30  -3.38694E+0C 

i  •  *.  G  C  J  --  £  ♦  C  1 

3.  yyjijE+Cl 

E.3CC00E-0? 

OOOXOOO 

1 .  143  9 <*£  -C5 

7.27079E+3C  -2. 96Q9RP  *0  3 

6.*«: 

ilu  •  Oi  C  1 

‘-.'3C303--0? 

coooxoooc 

1. 4?i 39E -0  5 

9.3fcE33EOO  - 2 . 8 7 1 1  ’£  *0 0 

-  1 

3.  C  1  j1  >.  +  C  . 

+.  .jCCODt-32 

COXOCXOO 

2. 1 8 1 62t - C  E 

1.390 92c*31  -2.91’9cp+00 

J  •  w  %/  w  1 

3.C;0Q)E+C' 

/-.CPyOlE-l’ 

OCGXOOOXOOO 

2. 97j,4EE-Cb 

1 • 89949E*  3 1  -2.7fiE93E»30 

o.wCCwCiOl 

3.  C  3  C  V  y  £  +  1 . 

».CCC*Gt -32 

ouxooxonxco 

3.94.7*t-CE 

2.51926E  +  31  -  2 . 7 8 1 3 3F ♦ 3 3 

0  •  uwog_*?i 

a.  :  )i«  'a*:: 

c,GCuG3E-G2 

C00X30C»00CX  030 

8.  31olbc-Gb 

7,398377+01  -2.o4E38c+00 

S.';3C-y 

)•  C  j  j  3  3  a  +  G  j 

1.0CC33E-31 

00X00 

7. E756CE-L6 

4.89082r-+00  -2.97827C+00 

6  .  ..  C  ,  j  c,  i  ♦  u  1 

G  3  v  j  y  J  1  *  C  . 

1.CCC.03E-01 

000*000 

i.35o38E-rr- 

6.77745E+ 30  852S2E+30 

o.t 

t.  jjGEjE»o; 

:.c'CJ3l-ji 

OCOOKOOJO 

1.33  863E-C5 

fc • 3E699E+  00  -2.74E34E+30 

b.cooo:*?: 

3.  •:  j  o  3  i  e  ♦  c ; 

1.CCG03E-01 

00x00X00 

2.C1256E-C5 

1.28461E+31  -2.7999SE+3C 

0»4.J«»v.+  * 

3.  0  ,  J  :  )  £  ♦  C  j 

i. 30333t -31 

OOOXOOOX  000 

2. 72381E-C5 

1.740  96t+'jl  -2.66057E+0C 

On.  1 

)(  3  y  y  v  ]£  t  y  3 

1.CC33AE-01 

00X00X00X00 

3  .^399?£-r>? 

2. 3C728E+31  -2.6b74?E+?0 

oitwCCc-^ji 

3.  o‘  i : +  c  j 

1.3C33JE-31 

onoxocoxcooxooo 

4. 82071E-C5 

3.08E52E+31  -2.51749E+30 

S.v jCOO^tOl 

3.  :  i  3C  .£♦.  y 

1.2CC0 JE-01 

00X00 

7.21259E-G6 

4 .6CC07E+30  -2.88291E+00 

o  •  *.  u  C  j  C  c.  ♦  T  i 

3.  3y  DU.t.y 

l.?::03E-3l 

noox  000 

3.  86924E-C  6 

b .  3029T£+  CC  -2.74933E  +  00 

6#w.+  CGwE>r..l 

7.yJyLyl+CJ 

1.230331-01 

oconxoooo 

1.21o97t-C5 

7.77931E+30  -2.64014E+C3 

T.wijCu:>''* 

3. 

1 .203CDE-01 

COxooxon 

1. R7E11E -OE 

1.19807E+C1  -2.6979  6EOC 

3.  CilT.w*:' 

i.?::c„E-ci 

OJOXCOOXOOO 

2.5198’E -CE 

1.61227E+C1  -2.55274E+00 

T  .  C  j  <  J  t  -  *  M  ! 

7 .  C  )  J  ?  3  E  ♦  C  3 

1.2CC03E-31 

OC.XOOX  OOX  00 

3.33676E-C5 

2.13615E+01  -2.5b786E+0C 

3.  c ;  jc 

i.2Cn03t-31 

000X000X000X000 

->.-.2lEcE-Cr 

2.33304E+C1  -2.43849^+33 

S#^GwjC'  ♦  j  ! 

3.  a  3  +u  i 

1.4C30CE-31 

00X00 

b.8219P£-C6 

4.3E4E7E+3C  -2.79698E+30 

b.wOO jCi+ri 

3. Cl CClEtyy 

1.40033 E-01 

000X000 

9.20658E-C6 

5.93E79E+3C  -2.65794E+00 

"  •  G  0  U  0  C  C  *  v  1 

3 . : )  d  o )  e  ♦  a : 

1.4CC03E-01 

0000X0000 

1.13973E-35 

7.2's279E+C3  -2.S4432E+3C 

J  1  L  d  'A  <  1/  L  ^  y  1 

3.  y  y  3C  3:  ♦  C  : 

i .  y* : :  c  OE-oi 

COXOOXOO 

1.75952E-09 

1 . 12E21E+  31  -2.606/7E+30 

r>«'jv)UG&^+I  1 

3. : :  to  je  +  ;  i 

i .4C000E-31 

00  0X000X000 

2.34897E-CE 

1.5C428E+31  -2.45792E+30 

6«pGCjGc01 

\ :  y  cc  jt  +  c : 

1 . 4*  'T  3  E  -31 

OOXCOX  00X00 

3.11171E-C5 

1 . 99269E  +  C 1  -2. 4693 7 £  +  3? 

o«-0C0Citj! 

3.CjJuTc.*C. 

i.4t:cH-ai 

000X300X000X000 

4. ?0932£-Oc 

2.62263E+31  -2.31398E+0Q 

6  •  C  0  j  C  G  r  ♦  G  1 

3.  C  3  0  G  3£  ♦  C  3 

1 . 83C  0  3 1 -01 

00X00 

6 . «84  3dE - C  E 

R.14223E+C0  -2.71836E+3C 

o.c::G:r  i 

3.33Q30E+n? 

i.6rcc:E-3i 

000X000 

3. 78374E-CE 

b.61897E+3C  -2.67463E+3C 

S*tCwjCi+C 1 

3.  0  0  0  C  3E  +  C  3 

1.6CrQCt-31 

0000X0000 

1.07322E-05 

6.87324E+30  -2.46743E+30 

6*0CCut'+w  1 

7 .  y  3  a  p  3  e  +  c ; 

1. 6. CP0 E -31 

no  X  00  <00 

1.66031c -Qc 

1.36242E+31  -2.52536P+30 

3.C30GjE+03 

1 . 6 r  C 3 JE-01 

000X000X000 

2. 202’4E-0F 

1.41154E+31  -2.37327E+3C 

6.,w-0C->Cl 

3. ;  a  3  o  3 1 1  a  r 

1.6C0J0E-01 

30X00X00X00 

2 • 9 l7 l^E -OE 

1.86959E+01  -2.78335E+30 

D»oJ  jUlG+1  1 

3.  C  j  Q  ;  £  +  n  r 

l.eC003t-01 

000X000X000X000 

3. 80641E-CE 

2.44715E+?1  -2.23097E+30 
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v  w*wvwM»wiwww^w>nwMt*!^?pww»:vwmw«iiwi, 


PROGRAM  OS IN1( INPUT, OJTPUT  ,  PUNCH,  14^7=^01  ,TAPc9= OUTPUT) 
OirttNSION  UQ  ( 5  j  )  i  ERR  ( 3u) 

01  MANSION  MJ1(15)  ,302(13),HD3(15>  ,  T I  T  <  a)  .T4!(o) 

PI=3. 1419*26 
A1U=*JouSJ125bb9 
C  V  = . J25* 

Ik^ A □  31,  (HOI  (i)  ,  1  =  1,12) 

31  FORMAT  (Aa,A9,A4«47,A3«AS,48,A3,A4,43,A3,4‘*) 
kEAQ  32,  (*302  (1), l-l,ol 

32  F  0  R  K  A  T  (Ac,Ao*A6,A5,rt3*A9»A2,A3) 

KiAO  33, (rt03  (I)  ,1  =  1,2) 

33  FORMAT  (  A4 ,  A  7) 

1  CONTINUE 

k- AO  •»,  ( TaT (  1) , 1  =  1, a) 

READ  <*,  (Tin  1)  ,1  =  1,3) 

4  FORMAT  laAtJ) 

K.A9  3 , V ,  X  *R , JR 

R  c.  A  0  o, IT, N MAX, ICR 

5  FORMAT  (4(F9.5,1X)» 

6  FORMAT  (3(1?  ,1X) ) 

IF(IT-l)  1„ »  1  u  *  39 

lu  CONTINUE 
PRINT  2 U 
2u  FORMAT  (Ini) 

PRINT  44, (TA  T < I >  ,1  =  1,3) 

PRINT  44 , (TI T (I) ,1=1, a) 

44  FORMAT  (6Alu) 

PRINT  22 
PRINT  22 

22  FORMAT  (♦  *  ) 

PRINT  *1,(MU1(I)  ,1  =  1,12) 

91  FORMAT  (4X»A6,8X,A5,4X,A4,lX»A7,2X*A3,3X*A3*2X,Ab,lX,A5,2X»A4,lX»A 
16, 2X,  A3,  IX,  Am) 

PRINT  *2, ( H02( I) ,1=1,3) 

92  F  ORM  A  T _ (  3_XfAd,5X,A0,3X,Aa,3X,A3,lX,A5,2X,A9,oX,A2,7X,A9) 

'  PRINT  93  , "(  MO 3(1)  ,1  =  1,2) 

33  FORMAT  (6bX,A4,A7) 

PRINT  22 
X=X*CV 
Y=Y*GV 
R=ft*CV 

"  6R=0R*0V  . 

it  -  Exit  test 

NM AX  -  MAX  NUMBER  OF  PRIMARY  TURNS  TO  t3E  CONSIO-RGD 
ICR  -  MAX  NUMBER  OF  TIMES  OR  IS  AOOED  TO  R 
INTF  -  NUM3-R  OF  PRIMARY /SECONDARY  INTERFACES 
TAT  -  TABLE  HEADING 
TIT  -  TABLE  HEADING . 

gaf  -  gage,  factor  in  millivolts  p_r  4mp*hm7microsecono 


ScT  R 

DO  100  I  =  t , I C R 
PRINT  22 
IF(I-l) 16,15 ,17 
17  R=R  f  OR 
lb  CONTINUE 

SET  S  AND  CALCULATE  03  ANO  ERR  'OR  EACH  M 
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.7mm 


MM-NHAa-1 

00  ci 

p=2*m-i 

S  =  P*R 

Z  =  "t*CP^l.l 

a=so«t<x*a  ♦  y»yj 

d=$URT<X*X  ♦  S*S) 

G  =  SQRm*Y  *  s*s> 

♦U  =  SJ-<T  (  X*X  ♦  Y*  Y  ♦  J*S» 

GQ(M>  =  (AMJ/3 i) * <2.*S-2.*0-2 .*3*2 . * AA* X* ALD& < C* l X ♦dJ /(S* (X+AA) ) >  >• 
1  Y*Al0v»(B*(Y*C)/15MY*AA))I  ) 

pji}=umj/pi>*ulo„(;;*(x*8)/(s*ix*iw))»  ♦  x* ua-b* /to*3> » 

QPL  =  aJ(.‘1)/X 
iRR(H)=(PJ3- UPl) /PJG 
CONTINUE 

UO  2  Q  j  N=2,NHAX 

J-ii- 1 

NP  =  N 

Ni=N-l 

JC=N-1 

INTF-2MN-1) 

UX=u  . 

QY  =  G  . 

co=.f=intf 

00  3jJ  J-i»  JO 

ux=ax  ♦  cjtr*a.i(j) 

aY  =  QY  ♦  COiF*aQ(  JKll.-cRRU)) 

uO-F=00'F-2. 

35  j  CONTINUE 
Q=UX 

cR=l.  -  Qx/GY 

i»AF  =  10uuC»J«*Q/(X*(1»*c.R)) 

tR=lC 2,*Lk 

X  =  X/0  »/ 

Y=Y/GY 
R-R/C  \J 

PRINT  71 ,X,» ,R,NP,NS,.I,GAF,  ER 
7 1  FORMAT  (1X,3  (£12.5,1X»  ,2X,I2»(»X,  I2»2X»  i(El2.5,lX)  I 
X=X*0Y 
Y  =  Y  *Cii 
R  =  R* CY 

25j  CONTINUE 
155  CONTINUE 
oO  TO  1 
99  CONTINJ- 
CAlL  EXIT 
cNO 
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PROGRAM  DSIN2(INPUT, OUTPUT , PUNCH , T  APE7  =1 NPUT  » T  APE8*  OUTPUT) 
DIMENSION  00(20) ,ERR(2fl) 

DIMENSION  H01(15)  ,MQ2(15),H03<15) 

DIMENSION  NP ATT (101 ,P«TT (10) ,TERNN(10) ,NMAXX(li) 

OIHENSION  TIT  (8)  * T AT  (8) 

PI=3, 1415926 
AMU*, 300 Gu 12 5669 
CY=«0254 

READ  31 t (HOl(I) • 1=1,11) 

31  FORMAT  (Ab»A5,A4,A7,A7,A6,A5,A4,Ab*A5»A4) 

READ  32, (HD2 (I) ,1*1,7) 

32  FORMAT  S  Att,  Att,  A8  ,  T7",  A9 ,  A  2 ,  A  9 ) 

READ  33, (M03 (I) , 1*1,2) 

33  FORMAT  (A4,47) 

READ  34, (NPATT(I) ,1*1,7) 

34  FORMAT  (8I1U) 

READ  35, (PATT(I) ,1*1,7) 

35  FORMAT  (7A3)' 

READ  36, (TERNN(I)  .1  =  1,7) 

36  FORMAT  <  7 A 7 ) 

RtAD  37, (NMAXX(I) ,1=1,7) 

37  FORMAT  (712) 

READ  6, ICR 

6  FORMAT  < 12) 

1  CONTINUE 

READ  ♦,  ( T AT ( I ) ,1  =  1,8) 

READ  <*,(TiT(l)  ,1*1,8) 

4  FORMAT  (  tt  A  lu  ) 

R-AD  5,Y ,  A , R , 3R 

5  FORMAT  (4(F9 .5, IX) ) 

Rt AO  7, IT 

7  FORMAT  (12) 

IF (IT-1) 1*, 14,99 
CONTINUE 
PRINT  20 
20  FORMAT  (1H1) 

PRINT  4, (TAT (I) , 1=1,6) 

PRINT  <♦,  (TIT  (I)  ,  1*1,6) 

PRINT  22 
PRINT  22 

22  FORMAT  <♦  *) 

PRINT  91 , ( HD  1 ( I )  ,1  =  1,11) 

91  FORMAT  (4a,A6,oX,45,4X,A4,1X,A7,6X,A7,5X,Ao,1X,a5,2X,A*,1X,A6,2X,A 
15, IX, A**) 

PRINT  92 , (HD21 1)  ,1=1,7) 

92  FORMAT  1  3X ,  m  o,6X,A6,5X,A6,8X,A7,7X,A9,oX,A2,7X,A's) 

PRINT  93, (HO 3(1)  ,1  =  1,2) 

93  FORMAT  (71X,A**,A7) 

PRINT  22 

PRINT  22 
X  =  X*C»/ 

Y  =  Y*C</ 

R=R*CV 

OR=OR»OV 

IT  -  EXIT  Ti  ST 

NM  AX  -  N U13E K  OF  :.33P  INTERFACES  3^TH^=.N  ^X I  REM-  PRI  A NO  SEC  TURNS 
ICR  -  MAX  NUMBER  3F  TlhcS  OR  IS  AQO^J  TO  R 
NPAT  -  PKi/ScS  PATTERN 


90 


V'T^-yr’  »**’  ■•I'—  r—m  I-*--"  ■  ^-w.— •—•n— 


PAT  ,  T ERN  -  PkI7S£C  PATTERN 
TAT  -  TA8l£  H£ AD  I  NS 
TIT  -  T A 8L £  HtAD I N 3 

GAF  -  GAGi  FACTOR  IN  NILcIVOlTS  P.R  ANP* MN/ HICROSECONQ 
SlT  R 

00  1J0  1=1, ICR 
IF(I-l) 16,lo,17 
1/  R=R  ♦  JR 
lo  OONT INU£ 

00  20  0  J  =  1 , 7 
NPAT  =  NPA  T I ( J ) 

PAT  =  PATT ( J) 

T£RN=TlRNN( J) 

NNAX  =  NNA  XX ( J  ) 

Sc. T  S  ANO  CA  LC  JL  A  T  £  QO  ANO  ERR  FOk  EACH  H 


00  60  N= 1 , Ni A A 

P  =  N 

S=P*R 

A=SORT(X*X  ♦  Y*Y) 

B=SQRT(X*X  ♦  S*S) 

C=SQRT(Y*Y  *■  3*S) 

AA=SORT(X*X  ♦  Y*Y  ♦  S*S> 

QQ(H)  =  (AMU73I) *<2.*3-2.*C-2.*3*2 .* A  A  «-A  *  ALQG  (CM  A*8) /(SMX  +  AA) ))  ♦ 

1  Y*ALOG(  BMY  *C)/ (3MY*AA)  )  )  ) 

POU= (AMU/PI)  MAlOj(0MX*a>/<SMx*AA> >)  ♦  X*  (  AA-6> / ( 8*8)  > 

UPL  =  ClO(N) 7X 
£RR(H)=(Pja-UPL) /PDJ 
60  CONTINUE 

IF(212-NPAT) 51,50,51 

51  IF ( 3 1 J-NPAT)  5 J , 5  2 , 53 

53  IF ( 4 14 - NP A T )  55 , 54 , 5 5 
55  IF ( 21 212 -NPA T ) 5 7 , 5b,  5 7 
57  IF (31313-NPA  T)  59 ,56,55 
55  IF(2121212-NPAT) 61,60,61 
bl  IF (3131313-NPAT) 62,62,62 
50  0=2 . * ( QQ ( 1)  ♦  0Q(2)) 

e.R  =  l  ,-<Q/2.)  /  (0Q(  1)/  (l.-ERRU) )  *CU(2)  /  (1 ,-£RR<2)  )  ) 

GO  TO  70 

52  Q=2. *(0(1(1)  ♦  OQ(2)  *  00(3)) 

lR  =  1  .  -CQ/2.)  ✓  (QQ(1)7  (l.-ERR(l)  )  *QU12>  7<  1  .-&Rk(2)  )  «-QQ(3>  /<!.  -£RR(3) 
1)  > 

GO  TO  70 

5>*  0  =  2. *(0(1(1)  *  OQ  (  2  >  «■  00(3)  ♦  0Q(«O) 

Ek=i.-(Q/2.)  ✓(  0Q(1)/(J  .-cRR(l)  >»Q0(2>  /  (1  .-ERR (2) )  *00(3)  7(1.  -c.RR(  3) 
l)  +  QQU)  /  ( 1 .  -  c.RR  (  4)  )  ) 

GO  T  J  7  0 

5o  Q  =  *.MQaU>  ♦  QQ<2))  2  .  * «  QU<  •♦  >  *  QO(  5)  ) 

c.R=l.-0/(G.MUa(l>/(l.-c.RR(l>>*OG<2)/(l.-£RR(2)))*2.*(iOQ(<»)/(l.- 
lckRU))  +  Gu(5  >/(l  .-ER<(5)  )  )) 

GO  TO  70 

53  u=‘*.*UO(l)  ♦  00(2)  <■  01(3))  «■  2.*(QO(5)  ♦  GtU ( a )  ♦  00(7)) 
lR=1.-07 <<♦.♦ (Od(  1) ! (l.-ERR(l) )  »QQ( 2) / ( l.-£RR(2)) +  QQ  ( 3)  /  ( 1 .  -£RR(  3 ) ) 

1) *2. *(Ud(3>/ (1  .-ERR (5) )*00(6)  f (1 .-cRR(  t»> ) *00(7)/ (1. -ERR  l  7)  )  ) ) 

GO  TO  7 u 

6  j  0=b.*(GQ(l>  ♦  QQ ( 2 ) )  ‘♦.♦(QO(1*)  ♦-  U0(5)>  ♦  2.*(QQ(7)  ♦  00(6)) 
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£R=i.-a/  io.MQacii/  ci.-tkimn  ♦aQu»/ii.-t*i(2n  )ti*.Mucim/(i.- 
1ERR < 41) +QQ(5) 7(1. -ERR (5)  I )  *2.»  (  Qu<  7)  t  C 1 . -£RR(  7)  )  *Qu(  a)  7  (1 .  -ERR  <  i  >> 
1)) 

GO  TO  70 

62  Q=6.*(QQ(1)  ♦  QQ(2)  ♦  QQ  ( 3)  >  ♦  «.»(0Q(6)  ♦  QQ  (a )  ♦  Q0(7))  * 

1  2  . * (QQ(  9)  ♦  QQ(  1  hi )  ♦  QQU1U 

£R*l.-07  (a.*  (Q0<  II  '  (l.-ERR(l) )  ♦QQt2)  7  ( 1 . -r.RRC2) )  ♦00(3)7  (l.-cRR(3)  > 
1)*4.MQQ(6)7  ( 1. -ERR ( 5)  )♦  00(6)7(1  .--RR(fa)  >♦001  7)/  ( 1. -ERR( 7) ) ) ♦ 
22.MQ0(9>7(1  •  -ERR  (  9 1  )  *00 ( 10 ) 7  ( 1 . -ERR (IS ) ) *Qu( 11) 7 ( 1 .-£KR( 11) )  )  ) 

70  CONTINUE 

6AF=1000fi00.*O7(X*(l.-£R)) 

ER=100.*ER 

x=x7C* 

V=T7C9 

RsR/CW 

PRINT  71yX*TfR»PAT»TERN(  Q»GAF, ER 
_?L  FORNAT  U_Xt3  (£12. 5, IX)  ,lX,A&iA7,lX,il£12.5,lX>> 

X=X*Ctf 

y=v*c  , 

R=R*Ctf 

200  CONTINUE. 

PRINT  22 
100  CONTINUE 
GO  TO  1  " 

99  CONTINUE 
CALL  EXIT 
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COMPUTER  CODE  LISTING- -DIVE 


>  o  o  o  o  o  o  r>  o  o  n  c~-  o  o  o  o;o  o 


PROGRAM  01 VE(  INPUT, OUTPUT, PUNCH, TA?E7»lNPUT,T APE 8=0UTPUT) 

COMMON  XX ( 12 33 > . V Y ( 1 20o ) , Q (63 0 1  , ER (6 JO )  , SR (600) 

COMMON  XC0<12JJ> , YCO <12001 ,X(1200) ,Y (1230) , ALFA ( 120 0 ) , SEGRC (1200 > 
COMMON  AY ( 1233  )  , AX (1200) , E  (600) , OMITA (600) 

COMMON  XC(12J3)  , VC (120  0) ,OSX ( 120 0 > . OSY ( 120 0) 

COMMON  J.CUR.PI, AHU,0,U,CV , C, 0T , XS , YS, ZS , R  ,  R  AO 
COMMON  N1,N2,N3,N4,N5, JMAX , NSHK, MSHK, T (60 3 ) 

COMMON  XXCO ( 12 J 0 ) ,YYCO (1200) ,ZZCO( 1220)  , ZCO ( 1200 > * Z (12 09 ) , 7Z (1200) 
COMMON  DSZ(1200) ,OSXX(1200) ,0SYY (1200)  ,OSZZ (12C0) ,ZC( 1290) 

COMMON  XXC (1200 ) ,YYC( 1201) ,ZZC(1 203) .AZ (1200) 

COMMON  ALFAA(120 J) .SEGAA (1200 ,BETAA(1200) ,BETA(12C0> 


THIS  PROGRAM  COMPUTES  THE  TOTAL  RESPONSE  OF  THE  MUTUAL  INDUCTANCE 
FARTICLE  VELOCIMETER  IN  A  DIVERGENT,  OFF-AXIS  FLOW  FIELD.  THE 
IDEAL  RESPONSE  OF  THE  GAGE  AS  OEVELOPEO  THEORETICALLY  IN  THE  OASA 
1*31  REPORTS  CORRESPONDS  TO  ON-AXIS,  ONE-DIMENSIONAL  FLOW.  THE 
IOEAL  FLOW  RESPONSE  IS  CALCULATED  ANO  COMPAREO  WITH  THE  TOTAL 
GAGE  RESPONSE  ANO  PRESENTED  AS  A  PERCENTAGE  ERROR.  INCLUOEO  IN 
tHlS  ERROR  IS  ALSO  THE  EFFECT  OF  THE  CHANGE  IN  GAGE  LENGTH  UPON 
THE  GAGE  SENSITIVITY.  x 

THE  SHOCK  SOURCE  IS  LOCATED  AT  THE  POSITION  ( -XS ,-YS,- ZS )  AHEAD 
OF  THE  GAGE  CENTER.  THE  SHOCKFRONT  PROPAGATES  SPHERICALLY  FROM 
THIS  SOURCE. 

THE  UNOISTURHEO  GAGE  IS  OIVIOED  INTO  N5  SEGMENTS.  TIME  IS 
STEPPED  IN  OT  TIME  INCREMENTS  ANO  THE  SHOCKFRONT  POSITION 
i.  CALCULATED.  EACH  GAGE  SEGMENT  POSITION  IS  CALCULATED  AT  EACH 
C  TIME  STEP.  PERIODICALLY  THE  TOTAL  GAGE  MUTUAL  INDUCTANCE 

C  IS  CALCULATED.  THE  GAGE  RESPONSE  IS  THEN  CALCULATED  AS  THE 

C  NEGATIVE  TIME  DERIVATIVE  OF  THE  CURRENT  TIMES  THE  MUTUAL  INOUCTANCE. 

-J 

C 

C  C  IS  SHOCK  VELOCITY 

C  U  IS  PARTICLE  VELOCITY 

C 

C  XCO.  YCO.  ZCO,  XXCO,  YYCO,  ANO  ZZCO  ARE  INITIAL  SEGMENT  INTERSEC 

C  POSITIONS 

C 

C  GAMMA  IS  ANGLE  OFF  OF  SOURCE  IN  THE  X,Y  PLANE  RELATIVE  TC  THE  GAGE 

C  CENTERLINE 

C  THFTA  IS  ANGLE  OFF  OF  SOURCE  IN  THE  X,Z  PLANE  RELATIVE  TC  THE  GAGE 
C  CENTERLINE 

C 

C  THE  ANGLES  ALFA  ANO  BETA  OEFINE  THE  SHOCK  PROPAGATION  DIRECTION 

C  IN  THE  X , Y i Z  LOOP 

C 

C  THE  ANGLES  ALFAA  ANO  BETA A  OEPINE  THE  SHOCK  PROPAGATION  DIRECTION 

C  IN  THE  XX.YY.ZZ  LOOP 

C 

C  SUBSCRIPT  I  IDENTIFIES  SEGMENT  IN  SECONDARY  LOOP 

C  SUBSCRIPT  K  IDENTIFIES  SEGMENT  IN  PRIMARY  100° 

C  SUBSCRIPT  J  IDENTIFIES  TIME  INCREMENT 

C  POMX  IS  PARTIAL  DERIVATIVE  OF  TbE  MUTUAL  INOUCTANCE  WRT  X  AS 

C  DERIVED  i N  OASA  1*31  REPORTS 

C  QD  IS  MUTUAL  INOUCTANCE  OERIVEO  IN  OASA  1*31  REPORTS 
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DMITI  IS  DERIVATIVE  OF  MUTUAL  INDUCTANCE  WRT  TIME  -  IDEAL  FLOW 


OMIT A  IS  DERIVATIVE  OF  MUTUAL  INOUCTANCE  WRT  TIME  FOR  ACTUAL 
DIVERGENT/ OFF- AXIS  FLOW 


ER  IS  PERCENTAGE  ERROR  IN  GAGE  RESPONSE  OUE  TO  NON- IDE AL  FLOW 
OSO  IS  INITIAL  SEGMENT  LENGTH' 

VM  IS  INITIAL  GAGE  WIDTH,  HETERS 

XL  IS  INITIAL  GAGE  LENGTH,  METERS 

VNSEG  IS  NUMBER  OF  SEGMENTS  ACROSS  GAGE  WIDTH 

XNSEG  IS  NUMBER  OF  SEGMENTS  ALONG  GAGE  LENGTH 

VNSEG  MUST  BE  AN  OOP  WHOLE  NUMBER 

RATIO  MUST  BE  AN  000  WHOLE  NUMBER,  TVFICALLY  BETWEEN  7  ANO  15 
N1,N2, N3,N4  IDENTIFY  CORNERS 
N5  IS  NUMBER  OF  GAGE  SEGMENTS 


JJ  ANO  INTI  DETERMINE  INITIAL  VALUE  AND  INTERVAL  IN  J  FOR 
CALCULATING  MVF  • 


1  CONTINUE 

REAP  44, JEXIT  _ 

44  FORMAT  « 1 » 

IFJEXIT  *  1,  READ  OAT A 
IF  JEXIT  =  3,  CALL  EXIT 

IF (JEXIT  -  1)868,45,45 
45~  CONTINUE  _ 

REAP  17, JO I AG 

17  FQRttAT  <Ili _ 


IF  JOIAG  =  1,  PRINT  OUT  DIAGNOSTICS 
IF  JUIAG  =  0,  OMMIT  DIAGNOSTICS 


_ PRINT  9 _ 

9  FORMAT  II HI)  _ 

READ  40, RS 

40  FORMAT  (4F10.0)  . 

READ  41, YW,D,C,U,OT,  GAMMA,  THETA, RATIO 

41  FORMAT  (8F13.0) 

REAP  42. VNSEG, JMAX,JJ,INT1 

4 2  FORMAT  <Fl 0_.  0,715 ) 

REAP  4 3,0 ATE _ 

43  FORMAT  CA9) 

INITIALIZE 


CV*l«/«025<» 

AMU=  .  00  OJJ  0.1 256 64 

PI=3. 1415926 _ 

CURj= 1. 

RA0*5 7, 295 779 
OTS=D T *1008000  • 


95 


JGRMF=JJ 

C 

PRINT  490 

<♦91  FORMAT  <*  DEVELOPMENT  OF  MUTUAL  INDUCTANCE  PARTICLE  V'LOCT^TEO  *) 
PRINT  53 
PRINT  491 

♦91  FORMAT  (*  INVESTIGATION  OF  OFF-AXIS/ DIVERGENT  FLOW  RESPONSE  *» 
PRINT  53 
PRINT  492 

♦92  FORMAT  (*  PROGRAM  OIVE  *1 
PRINT  53 
PRINT  493 

♦93  FORMAT  (*  AFWL/OEX  *) 

PRINT  494,0 ATE 

♦  9-  FORMAT  C 15 H  DATE  OF  RUN  -  ,  A9> 

PRINT  53 
PRINT  53 
PRINT  53 
C _ 


XL=YW*RATIO 

OSO=YW/YNS£G 

XNS£G= (XL/ VW)*YNSEG 

NY=VNSEG 

NX-XNScG 

N 1=  ( NY  «•  l>/2 

N2=N1  ♦  NX 

N3=N2  ♦  NY 

N4*  N3  ♦  NX 

N5*N4  ♦  (NY  -  l)/2 

gamma=ga'mma/rao 

THETAsTHETA/RAO 

0EN0M=1  ♦  (TAN(THETA) )  **2  ♦  (TAN (GAMMA) ) *’2 
XS=SQRT((RS**2) /1ENOM) 

YS=SQRT ( (RS**2)M  (TAN  (GAMMA)) **2)/0EN0M) 
ZS=SQRT  ((RS**2)M  (TAN(THETA)  ) **Z) /OENOM) 
GAMMA=GAMMA*RAO 
TH£TA=TMETA*RA!) 

XS=-XS 

YS=-YS 

ZS=-ZS_ 

PRINT  533 

5Q0  FORMAT  (*  GAGE  GEOMETRY  *) 

PRINT  53 
PRINT  501, XL 

501  FORMAT  (5X,1-»H  GAGE  LENGTH  =,F5.1,7H  INCHES) 
PRINT  532, YW 

502  FORMAT  (5X,13H  GAGE  WIDTH  =,F4,1,7H  INCHES) 
PRINT  503,0 

503  FORMAT  (5X,15H  LOOP  SFACING  =,F4.2,^H  INCHES) 
PRINT  514, N5 

514  FORMAT  (5X,2lH  NUMBER  OF  SEGMENTS  =,I5) 

PRINT  53 
PRINT  53 
PRINT  504 

504  FORMAT  (*  SHOCK  SOURCE  POSITION  *) 
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PRINT  53 
c  RI  NT  515, RS 

Els  FORMAT  C5X,5H  RS  =,F9.4,?H  METERS) 

PRINT  5U  5, XS 

>i;  FORMAT  (5X,5H  XS  =, F9. 4, 7H  METERS) 

PRINT  5JS,YS 

i Co  FORMAT  <  5  X  ,  5  H  YS  =,F9.*,7H  METERS) 

PRINT  507, ZS 

?07  FORMAT  OX,5H  ZS  =, F9. 5. 7H  METERS) 

PRINT  503, GAMMA 

3G8  FORMAT  (5X,8H  GAMMA  =,F5.1,3H  OEGREES) 

PRINT  5u9, THETA 

3C9  FORMAT  (5X,8H  THETA  =,F5.1,6H  OEGREES) 

PRINT  53 
PRINT  53 
PRINT  51) 

51.  FORMAT  <*  SHOCK  PARAMETERS  *) 

PRINT  53 
PRINT  511,0 

51*  FORMAT  <5X,1?H  SHOCK  VELOCITY  =,F610.11H  METERS/SEC) 
PRINT  512,0 

512  FORMAT  <5X,2jH  PARTICLE  VELOCITY  =,F&.0,11H  METERS/SEC) 
PRINT  53 

PRINT  53 
PRINT  513, OTS 

513  FORMAT  (2X,17H  TIME  INCREMENT  =,F5.2,9H  MICROSEC) 

PRINT  53 

PRINT  53 
GAMMA= GAMMA /RAO 

theta=th:ta/rao 

XL=XL/CV 

YM=YW/Ctf 

0=0/CV 

OSO=OSO/C V 

XS=-XS 

Y$=-YS 

ZS=-ZS 

00  19  1=1, Nl 
15  XCO(I)=-. 

YCO(l) =0S0/2. 

NA=N1  -  1 
00  2C  1=1, NA 
I A= I  ♦  1 

2'.  YCO(IA)=YCO(I)  +  OSO 
NA=N 1  *  1 
00  21  I=SA,N2 

21  YCO(I) =Y30 (Nl) 

XCO(NA)=OSO 
N9=N2  -  1 

00  22  I  =  N A , N 0 
I  A=  I  +  1 

22  XCO ( IA)=<COCI)  +  OSO 
00  23  1=1, N9 

IP=N5  ♦  1  -  I 
x:o(iP)=xco(i) 

23  YCO  < IP ) = - YCO  < I ) 

NC=N3  -  1 
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00  la  I*N2,NC 
I A= I  ♦  1 
XC0(IA)=XC0(N2) 

YCO(IA) *YCO(I)  -  OSO 
18  CONTINUE 

00  25  1*1. N5 
XXCO(I)=XCO(I) 

YYCO(I)=YCO(I) 

ZCO(I) =0/2. 
zzcom*-o/2. 

ALFA(I)=ATAN((YCO(I)  ♦  VS > / ( SORT (( XCO  1 1 )  ♦  XS>**2  ♦  (ZCO(I>  ♦  ZS>* 
1*2)  )> 

ALFAA(I)=AT4N( (YYCO(I)  ♦  YS)  /  (SORT  (  ( XXCO  ( I )  ♦  XS>**2  ♦  CZZCOCI)  ♦ 
1ZS) **2>  ) ) 

8ETA(I)=ATAN((ZS  ♦  ZCOCII  >  /  CXS  ♦  XCOCI)?) 

8£TAA(I)=ATAN( (ZS  *  ZZCO(I))/(XS  ♦  XXCO(I))) 

SEGRC(I>  =SQRT ( (XS  ♦  XC0(I>>**2  ♦  (YS  +  YC0(I>>**2  ♦  (ZS  *  ZCO(I))* 
1*2) 

S£GAAII>=SQRT((XS  +  XXC0(I))*,l2  +  (YS  ♦  YYC0(I))**2  ♦  (ZS  ♦  ZZCO(I 
1) )**2) 

21  CONTINUE 

IF  ( YS  ♦  YCO(N-»)  )  89,89,90 
89  CONTINUE 

SR<1)=SQRT (XS**2  ♦  ZS**2)  -  .032 
GO  TO  91 
9.  CONTINUE 

SR(  1)  =  SQRT  (  ( YS  +  YCO  (N>*)  )  **2  ♦  XS**2  ♦  ZS**2)  -  .002 
91  CONTINUE 
T  (1 ) =  3  . 


00  2u  3  J= 1 , JHA X 

JA=J+t 

JC=J-1 

T(JA)=T(J)  ♦  OTS 
SR(JA)=$R(J)+C*UT 
NQ=N3  ♦  2 

IF(SRCJ)  -  SEGRC (NQ) ) 113,110,999 
ii:  CONTINUE 
0  ( J )  =  3  . 

C 

CALL  COPOS 
IF  ( J  -  JJ>  11, U,  13 
1,  CONTINUE 

JJ=JJ  ♦  INTI 

C 

CALL  COM  YP 

C 

PRINT  9 
PRINT  239,  T(J) 

239  FORMAT  (1X,,H  T  =,F6.1,9H  MICROSEC) 
PRINT  2-,  j » NSHK 
24„  FORMAT  (IX, 7H  NSHK  =,1*.) 

PRINT  241,  .’1SH< 

241  FORMAT  (IX, 7H  MSHK  =,1-,) 

PRINT  53 
PRINT  53 
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PRINT  231 

231  FORMAT  l*  I  XC  YC  ZC 

1  XXC  YYC  ZZC  *> 

PRINT  53 

XC,  YC,  ZC,  XXC,  YYC,  ANO  ZZC  PRINTOUT  IN  INCHES 

00  3u7  1=1, N5 
XC(I)  sXCCI) *CY 
YC(I)=YC(I)*CY 
ZC(I)=ZC(I> *CV 
XXC(I)=XXC(I)*CV 
YYC(I)=YYC  < 1 1 *C V 
3G’  ZZC(I>=ZZC(I)*CV 
00  87  1=1, N1 

67  PRINT  86,1, XC( I) ,YC(I) » ZC ( I )  ,  XXC ( I ) »  YYC  <1 ) , ZZC (I ) 

95  FORMAT  (IX,  I*,,  IX, 7  (£15, 8,  IX) ) 

IF (SR ( J)  -  SEGRC(l) > 38,39,39 
39  CONTINUE 
NE=Ni+  1 

00  88  1  =  N£  , NSHK , 5 

8b  PRINT  86,I,XC (I),YC(I),7C(I), XXC (I ) , YYC (I ) , ZZC ( I ) 

NF=NSHK-5 
NG=NSHK+S 
00  JO  1=  NF ,  NG 

3-  PRINT  86,I,XC(I),YC(I),ZC(I),XXC(I),YYC(I)  ,Z7C(I) 

Zh  CONTINUE 
NH= MSH  K  -  5 
NI=1SHK  ♦  5 
00*31  I  =  NH , Nl 

31  PRINT  86,1, XC(I) ,YC(I)«ZC(I),XXC(I)  ,  YYC ( I )  , ZZC ( I ) 

00  32  I=M,N4,5 

32  FRINT  86 , 1 , XC ( I) « YC ( I) , ZC ( I) ,XXC (I) ,YYC(T) » ZZC (I ) 

00  33  I  =  N-, ,  N5 

33  PRINT  86,1, XC(I)  ,YC(I) ,ZC(II  , XXC (I) , YYC(I)  ,ZZC(I) 

IF(JOIAG) 599,593,599 

599  CONTINUE 
PRINT  9 
PRINT  60  J 

6C .  FORMAT  (*  I  AlFAOEG)  ALF  A  A  ( OEG)  9ETA  (OEG) 

1  OETAA(OEG)  SEGRCHETIRS)  SEGAA  (METERS)  *) 

°RINT  53 
00  6  G 1  1  =  1, N5 
ALFA(I) =ALFA (I)  *RAO 
ALFAA(I)=ALFAA(I)*RAD 
META (I) =  -)£  T  A (I) *R  AO 
9ETAAII) =9ET  AA ( I ) *RAO 

PRINT  6C2, I, ALFA(I)  ,  ALFAA(I) ,8ETA(I)  , BETAA(I) ,SEGRC(D ,SEGAi (I) 
■5G2  FORMAT  ( IX  ,  15 , 2X , 6  ( E 1-.  7 , 2X )  ) 

ALFA(I) =ALFA  (I) /RAO 
ALFAA(I>--ALFAA(I)/RAD 
OETA(n  =  lETA(I»/RAO 
RET  A  A  ( I )  =9  T  AA  (I)/RAO 
oil  CONTINUE 
PRINT  9 
PRINT  -,9 

•o  FORMAT  (*  FUNTOUT  FROM  COMVF  *) 

PRINT  33 
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53  FOR  1 AT  (*  *> 

PRINT  23  3,  T  C  J» 

PRINT  53 
PRINT  53 
PRINT  55 

55  FORMAT  (*  I  AX  AY  AZ  *> 

PRINT  53 
00  5  J  1=1,  N5 

5.  PRINT  5l,I,AX(I)  ,AY(I) ,AZCI> 

51  FORMAT  (IX,  I-,,  IX,  7  (Eli,. 7,  IX)  ) 

59h  CONTINUE 

00  96  1=1, N5 

9t,  Q(J)=0(J)  «■  AX  ( I)  *OSkX(I)  +  AY  (I )  *0S  Y  ( I )  ♦  AZ<I)*OSZ(I> 

11  CONTINUE 
23 ‘  CONTINUE 


999  CONTINUE 

JJ=INT1  ♦  1 

DO  3C  J  J=  JU,  JC  ,  INTI 

JA=J  -  INTI 

J3  =  J  ♦  INTI 

TINT1=INT1 

QTT=0T*2.*TINT1 

S(J)=-(Q(J9>  -  Q(JA))/OTT 

3MITAI J)=£ ( J) /CUR 

AA=SQRT ( XL*  XL  ♦  YW*YW) 

33=  SORT ( XL  *  XL  *  0*0) 

CC=SQRT (YW*YH  ♦  3*0> 

00=  SORT ( XL  *  XL  ♦  YW*YW  +  0*0) 

F0MX=(AMU/FI)*(AL9G(CC*(XT.  ♦  99)  /(O*  (XL  ♦  00)))  ♦  XL*(00  -  99)/(99 
1*33)  ) 

OMITI=U*?OMX 

*R(  J)  =  ( O  il  T A  (  I)  -  3MITI)  *1U./0MITI 
3C  CONTINUE 

00= (AMU/°I  ) ♦ (2.*  3-2.*CC-2.*33  +  2,*OOFXL*ALOG(CC*(XL  +  B3)  MO*  (XL  +  DD)  > 
1) fYW*ALOG( 69MYH+CC) 7(0* (YH+OO)  )  ) ) 

ERCAL=1J,. *(0(1)  -  OQ)/QU 
PRINT  9 
PRINT  783, QQ 

78a  FORMAT  (1X,32H  THEORETICAL  MUTUAL  INDUCTANCE  =, 1 X, E 1*.  7 , IX ,  .H  HENR 
1IES) 

FRTNT  53 
PRINT  7 35 , E RCAL 

78-:  FORFAT  (1X.31H  ERROR  DUE  TO  FINITE  ELEMENTS  = ,  IX  ,  ElA,  7  ,  IX,  8H  PERCE 

int; 

PRINT  53 
PRINT  53 
PRINT  793 


79i 

FORMAT 

PRINT 

(* 

791 

TIME 

MUTUAL  ino 

*) 

791 

FORMAT 

(* 

(NICROSEC) 

(HENRIES) 

*) 

PRINT  53 

00  792  J=JGR.NP,  JMAX,  INTI 
792  PRINT  391,  T(  J)  ,Q(  J) 

PRINT  53 


I 


4 

i 

i 


4 


I 


! 

i 


100 


PRINT  53 
PRINT  53 
PRINT  53 
PRINT  53 
PRINT  809 

ft&:  FORMAT  (*  TIME  MUTUAL  INO  ERROR 

1CTUAL  3M/3T  IOEAL  NORMALI ZEO  *) 

PRINT  881 

881  FORMAT  <*  (MICROSEC)  (HENRIES)  (PFPCENT) 

1S/SEC)  (HENRIES/SEC)  VELOCITY  *> 

PRINT  53 
PRINT  53 

00  393  J= JO*  JC • INTI 
VNORM=OMIT A  ( J)  /OMITI 

69a  PRINT  89l.T(J),Q(J),£R(J),0MITA(J),0MlTI,  VNORM 
3  91  FORMAT  (lX*6(£l'*.7*2Xn 
996  CONTINUE 
PRINT  9 

GAMMA=GAMMA*RAO 
THETA=THETA*RAD 
Y  W= YW*C  V 
XL=XL*CV 
0=0*CV 
GO  TO  1 
88a  CONTINUE 
CALL  EXIT 
z  NO 
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OM/OT  A 

CHENRIE 
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SU8R0JTINE  CO^OS 

COMMON  XX< 1233) ,VY  <12o3) ,Q<6Ji)  ,£R<630  ) »SR<63  3> 

COMMON  XCO < 1233) ,YC0 <123,) ,X(120G> ,<<1200)  ,  ALFA  ( 123  0  >,  5E  GRC  ( 12C C  ) 
COMMON  AY <12 33)  , AX<12C3> , i <60 3 )  ,  ONI T ft ( 6 00 ) 

COMMON  XC<12*j3)  ,YC<  1230)  ,0SX<12GO  ,0SY<  123  0) 

COMMON  J,CUR,°I,  AMU,D,U,C\/,C,0TtXS,YS,ZS,R,RAD 
COMMON  Ni,N2.N3,N4,N3, JMAX , NSHK,  MSH K, T < 6 3 3 ) 

COMMON  XXCO ( 12  3  u ) ,YYC0<12QQ) ,ZZCO<12J9)  , 700 <  12CC ) , Z <12  30  ) , II <1 200 > 
COMMON  OSZ <1230 ) ,0SXX<12C3» ,0SYV  <1230 ,0SZZ  <12CC) ,ZC<1 20  0) 

COMMON  XXC(123O.YYC<120C)  ,ZZC <  1 20  O  ,  AZ  <  123 0  > 

COMMON  ALFA  a  <12 u  )> .SEGA  A  <12C3)  , 8£TAA<1  230) .BETA <1200) 


NSHK  INDICATES  FIRST  INTERSECTION  POSITION  IN  UPPER  HALF  WHICH 
IS  UNSHOCKED 

MSH<  INDICATES  FIRST  INTERSECTION  POSITION  IN  LOWER  HALF  WHICH 
IS  UNSHOCKED 


MX=  3 
MY  =  i) 

MSHK=N--23 


HIGH  SIDE  CALCULATIONS  OF  XC,  YC,  AND  ZC 

NA=N2  -  1 
DO  35  1*1, NA 

IF <SR ( J)  -  S£GRC<I))6C,6G,61 
61  CONTINUE 

SEGRC  <  I )  =  SE  GRC  (  I )  ♦  U*0T 

XC<I) =SEGRC<I) ♦COS<ALFA<I) ) *C0S<8ETA<I)  )  -  XS 
YC<I)=S£GRC<I)  *SIN<ALFA(I))  -  YS 
ZC<I)=S£GRC  <I) *COS(ALFA  <I) )  4SIN  <OETA<I) )  -ZS 
GO  TO  67 
61.  YCJI)=YCO<I) 

xc<i)=xco<i) 

ZC!I)=ZC0<I) 

MX=MX  ♦  1 

IF < MX  -  1)83,83,81 
8V  NS!  K=I 

81  COjr  TI NUE _ 

67  CONTINUE 
5?  CONTINUE 

XC  <  N2 ) =  XCO  <  N2) 

YC(N2)=YCO<N2) 

ZC  <N2 ) =ZCO  <N2) 

HIGH'  SIDE  CALCULAtlONS  OF  XXC,  Y YC ,  AND  ZZC 


NA=N2-i 
00  155  1=1, NA 

IF<SR  <  J)  -  SEGAA<I) )  160, 160,161 

161_  CONTINUE _ 

SEGAA <i)=S£GAA  < I)  u*OT 

XXC<I) =ScGAA<I) *COS<ALFAA<I))*COS<BETAA<I) )  -  XS 
YYC<I) =S£GAA<I) *SIN<  ALFAAU)  >  -  YS 
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ZJC<I)=SEGM<!>*C0SmFJUtI)>*SIN(3ETAA<I>  >  -  ZS 
"go  TO  167 
16 j  Y YC  ( I)  =  Y YCO ( I) 

XXCCI>  =  XXSOm 
ZZC<I)  =  ZZCO<;) 

167  CONTINUE 
15^  CONTINUE 

XXC(N2>=XXCO(N2) 

YYC(N2)=YVCO(N2> 

ZZC(N2)=ZZCO(N2) 

C 

C  LOW  ANO  RIGHT  SIOE  CALCULATIONS  OF  XC,  YC,  AND  ZC 

C  _  _ 

N3=N2  ♦  i 
00  7 u  I  =  N9,N5 

IF  (SR  ( J>  -  SZGRC(I) > 71,71,72 

71  XC(I)=XCO<I) 

vcmsYcom 

ZC(I)*ZCO(I) 

GO  TO  77 

72  CONTINUE 

SZGRC ( I) =  S£GRC ( I )  ♦  U*OT 

XC(I)=SEGRC(I» *COS(ALFA<It)*COS(8ETA(It)  -  XS 
YC(I)=S£GRC(I)*SIN(ALFA(I) )  -  YS 
ZC(I)=SEGRC (I)  *COS  (ALFA(I)  )*SIN(9ETA(I»  >  -Z'J 
NY  =  MY  ♦  1 

IFIMY  -  1)93, 9J, 91 
9.  MSHK=I-1 
91  CONTINUE 
77  CONTINUE 
7:  CONTINUE 
C 

C  LOW  ANO  RIGHT  SIOE  ^ ALCULAT IONS  OF  XXC,  YYC ,  ANO  ZZC 

sJ 

N3=N2  -  1 
00  173  I=N9,N5 

IF  (SR  ( J)  -  SZGAACI)  )  171,  171,172 

171  xxcm  =  xxco<i> 

YYC  (I ) =Y YCO  ( I) 

7ZC(I)=ZZC0(I> 

GO  TO  177 

172  CONTINUE 

SEGAA(I)=SEGAA(I)  +  U*DT 

XXC(I)  =S£GAA(I)  *C0S(ALFAAU))*C0S(8£TAA(I)  )  -  XS 

YYC(I)=SEGAA(I)*SIN(ALFAA(I))  -  YS 
ZZ3(I)=SEGAA (I) *OOS ( ALFAA(I) ) *SIN(OETAA (I) )  -  7S 
17/  CONTINUE 
17^  CONTINUE 
C 

C  CALCULATIONS  OF  X,  Y,  ANO  Z 

NC  =  N5  -  1 
30  57  I=l, NC 
I A= I  ♦  1 

X(1A)=(XC(IA)  ♦  XC(I))/2, 

Z(IA)=(ZC(IA)  *  ZC(I))/2, 

57  Y  ( I A )  =  (YC ( I  A I  ♦  YClI)>/2. 

X  <  1 )  =  ( XC ( 1 »  ♦  XCCN5) )/2. 
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y<i)*(yc<ii  ♦  rccNsn/z. 

Z(1)=(ZC(1)  ♦  ZC(N5>>/2. 

CALCULATIONS  OF  OSX,  OSY,  AMO  DSZ 

OSX ( 1) =XC( 1)  -  XCCN5) 

OSYCIMYCdl  -  YCCN5) 

JSZ(1)=ZC(  1)  -  ZC (N5 ) 

00  50  1=1, NC 
I A-I  ♦  1 

OSX  ( I A )  =  XC  ( I  A)  -  XC ( I > 

OSZ ( I  A)  =ZC  CIA)  -  ZC  < II 
5:  OSY ( I A ) =YC ( I A)  -  YCCII 

CALCULATIONS  OF  XX,  YY,  AND  ZZ 

NC=N5  -  1 
00  157  1*1, NC 
IA= I  ♦  1 

XX(IA'.*<XXC<IA)  ♦  XXC  ( I )  )  /  2, 

YY(IA)  =  (YYC(IA)  ♦  YYC(I))/2. 

157  ZZ ( IA ) * ( ZZC ( I A  )  ♦  ZZC<in/2. 
XX(1)*(XXC(1>  ♦  XXCCN5H/2. 

Y Y ( 1 ) * ( YYC ( 1)  ♦  YYC<N5)>/2. 
ZZfll*CZZC<ll  ♦  ZZCCN5n/2. 

CALCULATIONS  OF  OSXX,  OSYY,  AND  OSZZ 

0SXXC1>=XXC(1»  -  XXCIN5) 
0SYY(1)=YYC(1»  -  YYC  *N5 ) 
0SZZ(1>=ZZC(1>  -  ZZC  0*5 ) 

00  150  1*1, NC 
IA=I  ♦  1 

OSXX CIA)=XXC(IA)  -  XXC(I) 
OSYY(IA)=VYC(IA)  -  YYC(I) 

15.:  OSZZ(IA)=ZZC(IA)  -  ZZC(I) 

RE  TURN 
END 
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SUBROUTINE  COMVP 

COMMON  XX(l23C)  ,YY(123t)) .0(630) *ER(630) *SR(600> 

COMMON  XC0(12) j).VCO(1203) »X(1200) ,Y(120C> • ALFA  1 1200) , SE GRC ( 1200 > 
COMMON  AY(12JJ) .AX(12G0) .£(60G>  tDMlTA(609) 

COMMON  XC(  l2jJ)  ,YC  (126  0)  .I3SX(  1200)  ,OSY(12C3) 

COMMON  J.CUR,?I,AMU.O,U,CV.C.QT.XS,YS,ZS,R,RAO 
COMMON  N1.N2.N3.N4.N5* JMAX,NSHK,MSHK.T(63:) 

COMMON  XXCO(i2JO)  .  YVCOI 12C 3) ,ZZCO( 1200) .2COC12CC) n  Z  Cl  200 ),77 Cl  209) 
COMMON  OSZ ( 123  3 ) »DSXX ( 12C0 ) .QSYY (1203) ,DSZZ (12CC ) . ZC ( 120 0) 

COMMON  XXC1123  j)  .YVC(  1230  .ZZC(  1203)  .AZ(  1230) 

COMMON  ALFAA(120J) t SEGAA ( 1230) • 8ETAA (1293) .BETA (1200) 


THIS  SUBROUTINE  CALCULATES  THE  MAGNETIC  VECTOR  POTENTIAL  AT  EACH 
SEGMENT  IN  THE  X,Y,Z  LOO? 

AX  IS  X  COMFNENT  OF  NVF 
AY  IS  V  COMPONENT  OF  MVP 
AZ  IS  l  COMPONENT  OF  MV? 

A  IS  MAGNETIC  VECTOR  POTENTIAL  (MVP) 


FAT*(AMU*CUR)/U.*PI) 

00  90  Isl»  N5 
AX ( I ) *u • 

AY(I) *5. 

A7(I)sJ. 

00  91  K=1,N5 

SORT ( ( X ( I )  -  XX ( K) ) **2  ♦  (Y  (I )  -  YY(K))**2  ♦  (ZCI)  -  ZZ<<)>**2) 
AXX  =  FAT*OSXX(<)  /R 
AYY=FAT*3SYY(<)/R 
AZZ=FAT*OSZZ(<)  /R 
AX(I)sAX(I)  ♦  A  XX 
AY(I)=AY(I)  ♦  A YY 
AZ(I)=AZ(I)  ♦  A 11 
9 *  CONTI (Ut 
9^  CONTINUE 
RETURN 
E  NO 
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APPENDIX  t: 

SELECTION  OF  OPTIMUM  GAGE  Cuni.'JCTOR 

The  analysis  in  section  IV  identified  the  manner  in  which  the 
shock- induced  resistance  changes  cause  errors  in  the  gage  output. 

As  indicated  in  section  IV,  these  errors  are  controlled  with  a 
large  ballasi  inductance  in  the  primary  circuit.  It  was  also 
evident  that  these  errors  were  influenced  by  the  ballast  resist¬ 
ance,  though  not  to  t lie  same  extent  as  the  ballast  inductance. 

Since  there  are  many  metals  which  can  be  used  as  conductors  in  the 
M1PV  and  each  has  its  own  resistivity,  re's  i  stance-pressure ,  and 
shod:  impedance  characteristics,  it  is  of  interest  to  compare  these 
characteristics.  This  information  is  required  for  gage  design  and 
must  be  considered  along  with  other  factors  such  as  radiation  cross 
section  and  the  practical  aspects  of  availability,  cost  (beryllium 
cost-  approximately  $2000  per  pound),  and  compatab  i  1 i ty  with 
fabrication  techniques  in  selecting  the  optimum  conductor 
material. 

1.  THE  IDEAL  CONDUCTOR 

The  characteristics  of  the  ideal  conductor  are  identified  by 
considering  the  total  gage  environment.  The  gage  must  rapidly 
equilibrate  with  the  shock- loaded  geology  in  which  it  is  embedded, 
and  it  will  be  exposed  to  extreme  pressures  and  an  intense  radia¬ 
tion  environment.  The  ideal  conductor  would,  therefore,  have  a  low 
resistivity  and  exhibit  little  or  no  change  in  resistance  with 
change  in  pressure,  have  a  shock  ilugoniot  which  is  identical  to 
that  of  the  media  in  which  it  is  embedded,  present  a  low  neutron 
cross  section,  and  present  no  insurmountable  fabrication  problems 
in  its  use.  Several  metals  and  their  alloys  have  some  of  these 
characteristics,  but  none  exhibit  all. 

For  the  moment,  if  the  radiation  cross-section  characteristics 
are  ignored,  and  it  is  assumed  that  no  fabrication  problems  will  be 
encountered,  the  criteria  for  selecting  the  most  favorable  gage 
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conductor  material  is  reduced  to  that  of  determining  which  material 
would  result  in  the  minimum  resistance  change  while  meeting  equi¬ 
libration  time  requirements.  The  materials  under  consideration  may 
be  ordered  in  this  respect  and  the  radiation  and  fabrication 
characteristics  considered  separately. 

2.  CANDIDA!!:  CONDUCTORS 

The  candidate  conductor  materials  and  their  important  charac¬ 
teristics  are  listed  in  table  C-l.  For  the  analysis,  a  shock 
pressure  of  200  Khar  will  be  assumed.  It  is  further  assumed  that 
the  results  obtained  at  200  Kbar  would  not  differ  in  terms  of  which 
conductor  material  was  most  favorable  from  results  obtained  at 
higher  pressures.  Three  columns  in  table  C-l  require  comments. 

The  resistivity  data  assumes  a  high  purity  metal.  Alloying 
and  impurities  will  increase  the  resistivity  in  varying  amounts. 

For  instance,  several  magnesium  alloys  have  a  resistivity  of 
12.5  pfi  •  cm,  a  300  percent  increase  over  the  pure  metal,  while 
both  aluminum  and  copper  alloy  systems  exhibit  increases  in 
resistivity  of  only  a  few  percent  over  that  of  the  pure  metals. 

If  a  pure  metal  is  not  used,  the  particular  alloy  should  be 
considered.  For  this  analysis,  a  pure  metal  is  assumed. 

The  column  headed  "(R/RQ)  200  Kbar”  indicates  the  resistance 
of  the  material  at  200  Kbar  pressure  relative  to  the  resistance 
at  zero  pressure.  The  data  is  based  upon  the  extrapolation  of 
Bridgeman's  static  data  (ref.  23)  shown  in  figure  C-l.  Since 
Bridgeman's  data  above  30,000  kg/cm2  is  itself  corrected,  it  must 
be  recognized  that  some  uncertainty  exists  in  the  table  C-l  data. 
However,  the  relative  magnitudes  in  R/Rq  between  materials  are 
preserved,  and  the  results  are  probably  affected  insignificantly 
by  the  uncertainties.  Nevertheless,  until  high-pressure  dynamic 
resistance-pressure  data  become  available,  the  R/RQ  data  must  be 
considered,  at  best,  an  estimate  for  pressures  to  1  Mbar. 

The  column  headed  "(pQc)  200  Kbar"  is  the  slope  of  the  shock 
loading  path  in  the  stress-particle  velocity  plane  at  200  Kbar. 

The  intent  of  this  column  is  simply  to  indicate  the  relative  magni¬ 
tudes  of  the  shock  impedances. 
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3.  COMPARISON  OF  CANDIDATE  CONDUCTORS 

The  conductor  material  characteristics  listed  in  table  C-l 
interact  in  a  straightforward  manner  to  influence  the  change  in 
conductor  resistance  per  unit  length,  AR/ i .  The  problem  begins 
with  a  specified  equilibration  time,  t  ,  and  concludes  with  a 
calculated  AR/2.. 

A  one -d imens  ional  analysis  of  the  conductor  shock  response  is 
performed  to  determine  the  minimum  cross-sectional  area  that  is 
required  for  circular  conductors  to  meet  the  equilibration  time 
requirements.  The  geometry  is  shown  in  figure  C-2.  In  general, 
the  conductor  will  be  stiffer  than  most  geologies;  therefore,  for 
this  analysis  it  is  not  necessary  to  consider  many  geologies,  only 
a  representative  one.  The  chosen  llugoniot  approximates  a  saturated 
tuff  with  a  density  of  1.96.  The  llugoniot  in  the  stress -part  ic  le 
velocity  plane  i;  shown  in  figure  C-3.  The  states  in  the  conductor 
during  equilibration  with  the  geology  are  determined  by  the  inter¬ 
actions  at  the  conductor-geology  boundaiics.  fin  reality,  an 
insulating  material  electrically  isolates  the  condutor  from  the 
geology.  Here  it  is  assumed  that  the  insulation  and  geology 
Hugoniots  are  identical  to  simplify  the  one-dimensional  analysis. 1 
In  figure  C-3  the  equilibration  of  copper  is  shown.  Due  to  the 
large  difference  in  llugoniot  between  copper  and  the  geology,  a 
large  number  of  transits  are  required,  seven  in  this  case,  to  reach 
a  conductor  particle  velocity  of  0.99  times  that  of  the  geology. 

A  lesser  number  of  transits  is  required  for  the  other  conductor 
materials;  five  for  titanium,  three  for  aluminum,  three  for 
beryllium,  and  two  for  magnesium. 

Having  defined  the  number  of  transits  required  for  equilibra¬ 
tion,  the  conductor  thickness,  or  diameter,  may  lie  determined  if 
the  time  required  for  equilibration,  t  ,  is  defined.  Several  cases 
will  be  considered  to  observe  the  variation  of  LR/l  with  t  .  The 
conductor  diameter  may  be  determined  from  the  expression  for  the 
equilibration  time 
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where 

d  is  the  conductor  thickness,  mm 

n  is  the  number  of  shock  transits  required  for  equilibration 

c  is  the  shock  velocity  for  the  first,  second,  ...  nth  shock 
trans  i  t 

The  cross-sectional  area  is  determined  from  the  diameter.  The 
resistivity  and  area  provide  the  resistance-pOT,-unit-length,  and 
from  R/Rq  data  of  table  C-l,  AR/2.  may  be  determined.  The  results 
are  summarized  in  table  C-2  and  presented  in  figure  C-4  on  a  semi¬ 
log  plot. 

In  figure  C-4  magnesium,  beryllium,  and  aluminum  all  indicate 
values  of  AR/£.  an  order  of  magnitude  less  than  copper  and  two 
orders  of  magnitude  less  than  titanium.  They  also  axe  more  favor¬ 
able  with  respect  to  radiation  cross  section  with  beryllium  being 
the  obvious  choice  because  of  its  low  atomic  number. 

4.  SUMMARY 

The  results  of  this  study  identify  the  relative  merits  of 
several  conductors  and  provides  insight  into  how  they  would  respond 
in  the  problem  of  section  IV. 

Magnesium,  beryllium,  and  aluminum  are  the  most  favorable  of 
the  materials  considered.  Aluminum  would  be  the  preferred  choice 
in  the  high  explosive  environment  due  to  its  availability  and  ease 
of  use.  However,  at  low  pressures  copper  has  been  shown  (ref.  16) 
to  exhibit  better  survivability  characteristics.  In  the  nucleax 
environment  beryllium  would  be  preferable  due  to  its  low  thermal 
neutron  cross  section  (0.0085-Be,  0.22-A1,  0.063-Mg)  (Ref.  24). 

Also,  beryllium's  relative  high  melting  temperature  of  1278°C  is 
more  compatible  with  the  softening  temperature  of  glass  systems 
under  consideration  for  use  as  insulators. 
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Table  C-2 

SUMMARY  OF  CONDUCTOR  RESPONSES 


Transits 

2 


t 

d 

R/d 

AR/d 

c 

sec) 

(in) 

(m ft/ in) 

(mO/ in) 

0.5 

0.067 

0.4980 

0.1618 

1.0 

0.134 

0.1250 

0.0406 

2.0 

0.269 

0.0310 

0.0101 

5.0 

0.672 

0.0049 

0.0016 

0.5 

0.061 

0.7950 

0.1606 

1.0 

0.122 

0.1990 

0.0402 

2.0 

0.244 

0.0500 

0.0101 

5.0 

0.611 

0.0079 

0.0016 

0.5 

0.045 

0.6560 

0.2145 

1.0 

0.089 

0 .1680 

0.0549 

2.0 

0.178 

0.0420 

0.0137 

5.0 

0.446 

0.0067 

0.0022 

0.5 

0.023 

39.8 

5.970 

1.0 

0.045 

10.4 

1.560 

2.0 

0.091 

2 . 54 

0.381 

0.228 

0.013 

0.026 

0.052 

0.130 


0.405 

4.96 
1.24 
0 .310 
0.0496 


0.0607 

0.1056 

0.2641 

0.0660 

0.0105 
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PROGRAM  ELMEKT INPUT  *  OUTPUT ,  PUNCH »T A PE7* INPUT  »T  APE8=0UTPUT) 

DIFFERENTIAL  EQUATIONS  INTEGRATION  ROUTINE 

RUNGE-KUTTA-GILL  /  AOANS-MOULT ON  METHOD 
VARIABLE  STEP-SIZE  INTEGRATION  ROUTINE 

N  SIHUTANEOUS  EQUATIONS 


MAIN  PROGRAM  OF  THE  SUBROUTINE  /OR  DRIVER 


COMMON  V  (24!  *  Y1<24)V  Y2(24),  Y3<24),  Y*»(24),  Z(24),  Zl(24) 

COMMON  Z2 (24) «  Z3C24),  Z4<24>,  YI(24),  E(24),  XI*  XC,  X,  XI,  X2 

_ JlflMMOttJll,  X4»  OXI,  OX,  OXM,  EMIN,  EMAX,  KONT,  LC,  HP,  MC,  Ml,  M2 

COMMON  M3,  M4,  N,  MT 

COMMON  CPO ,R8Q  , R90 ,XQ,YQ,R,AK«AM«AL4Q,AL5Q , CP, ALII ,NZ,0MDX,V 
COMMON  U,CAP1,R2 ,R3 «CAPo,CAP7« R10,CAP12,R13,NMAX 
COMMON  U0«C0 ,CURRI,NCI, ZAP, RSEC 
COMMON  RMK1(8) ,RMK2(8) 

READ  INITIAL  CONDITIONS  ANO  CONTROL  DATA 
READ  100,  N,  XI,  XC,  DXI,  OXM,  EMIN,  EMAX,  MP,  MC ,  MT,  NZ 

100  FORMAT  (I3,6E10. 3, 312,13) 

IF ( N-990 ) 3 ,3,50 

IF  N  GREATER  THAN  990,  CALL  EXIT 
3  READ  101*  ( YKIi  , 1=1 ,N) 

101  FORMAT  (5E14.7) 

REAO  3Qu,CO,UO, AK.CP0 
300  FORMAT  14F1Q.0) 

REAO  310 ,NMAX,XQ, YQ,R 
310  FORMAT  < 12 ,8X,3F1Q . 0 ) 

_ _  REAIL32D  *CAP1,R2  »R3 ,  AL4Q  ,AL50tCAP6,CAP7 

REAO  320,  R80,R90,CAP12,R13,  RSEC 
REAO  320, R13, ALII, XPRT 
320  FORMAT  C8E10.3) 

REAO  330 ,CONO 
330  FORMAT  (A10) 

_ &£AD.14_Q  *  {  RHK1 C I )  .1  =  1,8) 

REAO  340 • (RMK2 (I), 1=1, 8) 

340  FORMAT  (8A1Q) 

REAO  <*40  ,  ZAP 
440  FORMAT  (F5.0) 

_ MtLLsfl- _ 

C0=CQ/1000. 

uo=uo/iooa. 

CPfl  INITIAL  SHOCK  POSITION,  METERS  C- 10  METERS  FOR  TURN-ON) 

CP  SHOCK  POSITION 

_ k*£0 _ SHOCK  VELOCITY,  METERS/SECQNQ 

U,U0  PARTICLE  VELOCITY,  METERS/SECOND 
AK  RESISTANCE  CHANG*  FACTOR 

NMAX  NUMBER  OF  PRIMARY  TURNS 

XQ  INITIAL  GAGE  LENGTH,  INCHES 

Yd  INITIAL  GAGE  WIDTH,  INCHES 
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R  SPACING  BETWEEN  LOOPS,  INCHES 
UP  GAGE  OEFORHAT ION 
V  OEFORMEO  GAGE  LENGTH 

Cl  PRIMARY  LINE  CAPACITANCE  (CAP1) 

R2  POWER  SUPPLY  SHUNT  RESISTANCE 
R3  SECONDARY  LINE  TERMINATION,  50  OHMS 
ALGO  INITIAL  SECONDARY  SELF  INDUCTANCE 
ALSO  INITIAL  PRIMARY  SELF  INDUCTANCE 
C6  POWER  SUPPLY  CAPACITANCE  (CAP6) 

C7  SECONDARY  LINE  CAPACITANCE  (CAP7) 

R03  INITIAL  RESISTANCE,  GAGE  SECONDARY 

RScC  SECONDARY  LINE  RESISTANCE,  LUMPED  WITH  R8 

R*J  INITIAL  RESISTANCE,  GAGE  PRIMARY 

RIO  PRIMARY  LINE  RESISTANCE 

ALII  BALLAST  INDUCTANCE  IN  PRIMARY 

C12  POWER  SUPPLY  CONTROL  CAPACITANCE  (CAP12) 

R13  POWER  SUPPLY  CONTROL  RESISTANCE 

N  NUMBER  OF  STATE  EQUATIONS 
XI  INITIAL  TIME 
XL  CUTOFF  TIME 
OX  TIME  INCREMENT 

NZ  NUMBER  OF  Y  VALUES  TO  BE  PRINTED  OUT 
XPRT  PRINTOUT  CONTROL,  TIME  INTERVAL 

HP=0  PRINT  COMPLETE  OUTPUT 

MP=i  PRINT  INITIAL  AND  FINAL  RESULTS  ONLY 

MC=0  AUTOMATIC  STEP  SIZE  CONTROL 

MC=i  NO  STEP  SIZE  CONTROL 

MT=0  RKG  PLUS  A-M  METHOD 

MT= 1  RKG  METHOD  ONLY 

CURRI  INITIAL  VALUE  OF  CURRENT 

NCI  COUNTER  IN  OERV,  CURRI  CALCULATION 

ZAP  DETERMINES  CALCULAT IONAL  MOOE 

ZAP=  -1,  INDUCTANCE  CHANGES  ONLY 
ZAP=  a.  NORMAL 

ZAP*  +1.  RESISTANCE  changes  only 

NPRI=NMAX 
NSiC=NPRI  -  1 
DO  777  LU=1,2 
PRINT  501 
501  FORMAT  <1H1> 

PRaNT  395  _  _ 

395  FORMAT  <*  MUTUAL  INDUCTANCE  PARTICLE  VELOCIMETER  DEVELOPMENT  *) 
PRINT  496 

49b  FORMAT  (*  AFWL/OEX  *> 

PRINT  5uC 

50  0  FORMAT  l*  *) 

PRINT  400 

400  FORMAT  <*  GAGE  OESIGN  *) 

PRINT  401, XQ 

401  FORMAT  <5X,9H  LENGTH  =,F7.3,1X,7H  INCHES) 

PRINT  402, YQ 

402  FORMAT  (bX,6H  WIOTH  =,F7.3,1X,7H  INCHES) 

PRINT  403, R 
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PRINT  434.NPRI 

404  P  04' MA  T  (6X  ,  1 1 » 1 X , 1 4H  PRIMARY  TURNS) 

PRI.  IT  405  *  NSEC 

*♦0  5  FORMAT  <6X,I1,1X,15H  SECONDARY  TURNS) 

PRINT  *♦  JC  ,  CONO 

430  FORMAT  <5X,21H  CONDUCTOR  MATtRIAL  -,A10) 

PRINT  500 
PRINT  406 

406  FORMAT  (*  SHOCK  PARAMETERS  •> 

PRINT  407, CO 

407  FORMAT  (aX,17H  SHOCK  VELOCITY  = , F6. 3 ,1X , 15H  MM/ MIC ROSECONO) 
PRTNT  40  8,U0 

46  6  FORMAT  <5X,2LH  PARTICLE  VELOCITY  = , F6 . 3, 1 X , 15H  MM/MICROSECONO) 
PRINT  409, AK 

409  FORMAT  (5X.27H  RESISTANCE  CHANGE  FACTOR  =,F4.2) 

PRINT  416, CPO 

410  FORMAT  ( 5  X  ,25H  INITIAL  SHOCK  POSITION  =,F9.5,1X,7H  METERS) 
PRINT  50u 

PRINT  411 

411  FORMAT  ELECTRICAL  PARAMETERS  *) 

PRINT  412  ,CAP1 

412  FORMAT  (5X,4H  Cl= , 1 X ,E1 4 , 7 ) 

PRINT  413, R2 

413  FORMAT  <5X,*,H  R2  =  ,1X  ,E14.7  ) 

PRINT  4 14 ,R3 

414  FORMAT  (5  X  ,4H  R3=  ,  IX  ,El*i.  7) 

PRINT  415.AL43 

415  FORMAT  C5X,6H  AL40 = , IX , El4 . 7 ) 

PRINT  *16, ALSO 

♦  16  FORMAT  (5 X  ,6H  A L50  =  ,  IX , El-»  .  7 » 

PRINT  417  «CAP6 

417  FORMAT  (5X,*.H  C6=,1X  ,E14.7) 

PRINT  ♦ 18  »CAP7 

416  FORMAT  (5  X  ,4H  C7= , IX ,E14 .7) 

PRINT  419, R80 

♦  19  FORMAT  (5X.5H  R  80  = ,  1 X  ,  £  1 4 . 7  ) 

PRINT  4o2 , RSEC 

432  FORMAT  (5X,6H  RSEC= , IX , E 14 . 7) 

PRINT  42C , R90 

423  FORMAT  (5X.5H  R90= , 1 X  ,E 14 . 7  ) 

PRiNT  421.CAP12 

421  FORMAT  (5X.5H  C12* , 1 X , £14 . 7 ) 

PRINT  422, R13 

422  format  (sx.sh  ri3=,.  ,  i«..7) 

PRINT  530 

PRINT  423 

♦23  FORMAT  TIME  PARAMETERS  *) 

PRINT  424, XI 

424  FORMAT  (5X,13H  START  TIME  = , E14. 7, 1 X , 6H  SECONDS) 

PRINT  *25, XC 

425  rORMAT  (5X,l4H  CUTOFF  TIME  = , E 1 4 ,7 , 1 X , 8H  SECONDS) 

PRINT  426,0X1 

426  FORMAT  (5X,11H  TIMcSTEP  = , E In. 7 , IX , 8H  SECONDS) 

PRINT  500 

PRINT  427 

427  FORMAT  <*  VARIABLES  *> 

PRINT  42*  » R1C 
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428  FORMAT  <5X,5H  RIO* , 1 X ,E14. 7 ) 

PRINT  *29, ALII  '  « 

429  r  ORHAT  (SX,6H  ALU*  ,1X,E14.  7 )  ! 

PRINT  500  i 

PRINT  500 

PRINT  540  ] 

PRINT  540  l 

PRINT  431.  IRMKl(I)  ,1*1,8) 

PRINT  431,  (RMK2  (I)  ,1*1, 8> 

431  FORMAT  (lXfOAlO ) 

777  CONTINUE 

XQ*XQ*.0254 

YQ*YQ*.Q254 

R«R*.0254 

UO*UOMOOO. 

C0*C0*1060* 

I RK*N  ♦  1 
00  17  I*IRK,NZ 
Z(I>*0. 

17  E ( I) *0 • 

C  INITIALIZE  FOR  START-UP 

2  KQNT  *  1 
Ml  a  3 
M2  *  0 
M3  *  0 
M4  *  0 
LC  *  0 
£F  *  1.0E11 

c 

C  CHECK  ALL  INPUT  OPTIONS 

IF  (DXM)  11*10*11 
13  DXM  *  10.0  *  OXI 

11  IF  (EMAX)  13,12*13 

.  12  EMAX  =  10.0E-Q6 

13  IF  (EMINI  15,14,15  > 

14  EMIN  *  EMAX  /  U0.3 

15  X  *  XI 

00  16  I  *  1,  N 
Y(I)  *  YHI) 

18  CONTINUE  ) 

OX  *  OXI 

XXX*XI  ♦  XPRT  -  OX 

OBTAIN  THt  DERIV1TIVE  OF  FUNCTION  AT  INITIAL  CONDITIONS 
CALL  OERV  ■ 

PROVIOE  OUTPUT  OPTION  ON  INITIAL  CONDITIONS 
CALL  PRNT  (1) 

**»**♦¥♦**** 


MOVE  DATA  IN  ARRAY  PRIOR  TO  NEXT  POINT 
23  CALL  MOVE 

TEST  CONDITION  OF  SYSTEM 

RKG  ON  START-UP  (4  POINTS)  AND  AFTER  CHANG:.  IN  INTERVAL 
A-M  ON  ALL  OTHER 


nuou  n  o  u  o  n  o  o  r  o  do 


IF  INT)  22*21*22 

21  KONT  *  KONT  ♦  1 

IF  UONT  -  4)  22*22*23 

PERFORM  RKG  INTEGRATION  TO  PICK  UP  POINT  N*1  FROM  N 

22  CALL  RKG I 

00  24  I  *  1,  N 
E(II  s  0.0 
24  CONTINUE 
GO  TO  25 

PERFORM  A-M  INTEGRATION  FOR  POINT  Nil  USING  N  THRU  N-3 
>3  CALL  AOMI 

CHECK  FOR  START  UP  ERROR 
IF  (Z2 ( 1)  -  tF)  25,25*40 


*  *  *  *  *  *****  ** 

PROVIDE  OUTPUT  OPTION  FOR  PRINT  N 
25  CONTINUE 

IF IX-XXX) 77, 80*80 
08  CALL  PRNT  (2) 

XXX*XXX  ♦  XPRT 
77  CONTINUE 

STEP  INDEPENDENT  VARIABLE  X  AND  INTERROGATE  CUT-OFF 
CALL  1TRO  (MCO) 

IF  (HCOI  30,20,30 

*****  *****  ** 


OUTPUT  FINAL  VALUES  FROM  INTEGRATION  ANU  REINITIALIZE 
3 j  CALL  PRNT  (3) 

GO  TO  1 
40  PRINT  200 

PRINT  201,  (E(I),  I  =  1,  N) 

PRINT  202 
OXI  =  OXI  /  2.0 
GO  TO  2 

50  PRaNT  203 
GO  TO  51 

200  FORMAT  (35H  INITIAL  INCREMENT  UN SATI SFACTORY/10 X15HERROR  RANGE  W 
IAS) 

231  FORMAT  (8E15.7) 

23 2  FORMAT  { 3X21HHAL VING  THE  INCREMENTS) 

233  FORMAT  (14Ha1*«-EN0  DIF-EQ) 

51  CALL  EXIT 

END 
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SUBROUTINE  OERV 

SUMMON  Y(24),  VI  (24)  «  Y2(2  4),  Y3(24>,  Y4I24I  ,  Z(24l,  Z  1(24) 

COMMON  Z2(24),  Z3(24),  Z  4(24),  Yl(24),  E  (24)  ♦  XI,  XC,  X,  XI,  X2 
COMMON  X3,  X4,  0X1,  OX,  OXM,  EMIN,  EMAX,  KONT,  LC,  MP ,  MC,  Ml,  M2 
COMMON  M3,  M4,  N,  MT 

COMMON  CPu,P8Q,R90 ,XQ,YQ,K, AK, AM , AL4Q  ,  AL50 ,CP , ALII ,NZ , OMOX , V 
COMMON  U*CAPi,R2»R3»CAP6»CAP7*RlCi»CAPi2*R13»NMAX 
COMMON  UO  ,C0, CURRI, NCI, ZAP, RSEC 
COMMON  RMKi  (8) ,RMK2 (8) 

C 

C  PARAMETER  LIST 

C 

C  Y (1)  -  LAMOA  4 

C  Y<2)  -  LAMOA  5 

C  Y(3)  -  Q6 

C  Y ( 4 )  -  07 

C  Y ( 5 )  -  Q12 

C  Y (6)  -  15 

C  Y  ( 7 )  -  AM 

C  Y  ( 8 )  -  L4 

C  Y (9 )  -  L5 

C  Y  ( 1 0 )  -  R8  * 

C  Y  ( 1 1 )  -  R9 

:  y  (i 2 )  -  cp 

C  Y  (13)  -  UP 

C  Y ( 1 4 )  -  15  DOT 

C  Y(i5)  -  E3  (ABSOLUTE  VALUE) 

C  Y (16)  -  E3  IDEAL  (ABSOLUTE  VALUE),  INCLUOES  SECONDARY  ATTENUATION 

C  AND  IS  CALCULATED  UTILIZING  THE  CALCULATED  VALUE  0.f  CURRENT,  Y(6), 

C  AT  EACH  I I Me  STEP 

C  YU7I  -  E3  IDEAL  (ABSOLUTE  VALUE),  INCLUDES  SECONDARY  ATTENUATION 

C  AND  IS  CALCULATED  UTILIZING  THE  INITIAL  VALUE  OF  CURRENT,  CURRI , 

C  PRIOR  TO  SHOCK  ARRIVAL 

C  Y ( 1 8 )  -  NORMALIZED  £3,  E3/E3  IDEAL,  BASEO  ON  Y(6> 

C  Y (1 9)  -  NORMALIZED  E3,  E3/E3  IDEAL  ,  BASED  ON  CURRI 

C  Y ( 2 0 )  -  AMOUNT  OF  CURRENT  CHANGE  DURING  SHOCK  TRANSIT 

C 

C=CO 
C1=CAP1 
Cb=CAP6 
C7=CAP7 
C12  =CAP12 

C  CHECK  ON  SHOCK  POSITION 

CP=  CPU  ♦  C*(X  -  XI) 

IF (CP) 22 , 33,33 
22  Z QNTINUE 
v=xu 

CALL  MUTI 
DMO  XO  =QMO  X 
U  =  G  . 

DMD  T  =  G • 

AL-»=Al40 
AL5=AL53 
0LOT4=0  . 

DLDT5  =  Q  . 

R8=  Rti  3  +  RSEC 
R9=R9J 
JP=0  . 
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GO  TO  99 
33  CONTINUE 
U  =  U0 
0T=CP/C 
up=u*dt 

V=XQ  -  UP 

c 

CALL  MUTI 

dmot=-qhox*u 

0LQX4=AL49/XQ 
0l0X5  =  AL5  3/XQ 
AL*=AL4J  -  DLl)X4*UP 
AL5  = AL50  -  0LQX5*UP 
0L0T4=-DLDX4*U 
0L0T6=-0L0X5*U 

R8=*  (R80/(2.*(XU  ♦  YQ)))*(YU  ♦  2.*(XQ  -  CP)  ♦  AK*  t YQ  +  2.*CPJ)*RSEC 
R9= <R90/(2.*(XQ  ♦  YQ)))*(YQ  +  2.*<XQ  -  CP)  ♦  AK* ( YQ  ♦  2.*CP) ) 

C 

C  CHECK  CALCULATIONS  MODE 

IF  (ZAP) -*4,99,66 
44  CONTINUE 

C  INDUCTANCES  CHANGES  ONLY 

R8=R80  ♦  RScC 
R9=R90 
GO  TO  99 
66  CONTINUE 

RESISTANCE  CHANGES  ONLY 

AL-»*AL40 
AL5=AL50 
DLDT4=0. 

OLD  T5=0 • 

99  CONTINUE 

DET=AL4*AL5  -  AM*AM 

DETDT=AL4*0i.0T5  +  AL5*DL0T4  -  2  •*AM*DMQT 
Z(1)=Y(4)/C7  -(R8/0ET)*(AL5*Y(1)  -  AM*Y(2)) 

Z(2 )=<OET/(OET  +  AL11*AL4)I*(Y ( 3) /C  6  -  C  CR9  ♦  RIO ) /DET ) * ( AL4*Y  (2) - 
1AM* Y  (1)  )  -  ( AL11/0ET) * (Y  (2I*ULDT4  -  AM*Z(1)  -  Y(l)*DMOT)  -  UALU* 
20cTQT)/(0ET*0ET))*(AM*Ytl)  -  AL4*Y(2 ))) 

Z ( 3  )  =-  (C6/(C6  +  Cl) )*(Y (3) / (R2*C6> ♦  (1./R13I* (Y(3)/C6  -  Y(S)/C12) 
1  +  (l./QET)*(AL4*Y<2)  -  AM*YC1))) 

ZU)  =  -  Y  (4)  /  (R3*C7  )  -  (  AL5*  Y  { 1)  -  AM*Y(2))/0ET 
Z(S)  =  (1./R13)MY(3)/C6  -  Y(5)/C12) 

Y (6) =(AL4*Y(2)  -  AM*Y(1))/DET 
I F ( NCI) 3 0  *50 »51 

50  .  URRI=Y (6) 

51  CONTINUE 
NCI =NCI  ♦  1 
Y ( 7 ) =AM 

Y  <8 J=AL4 
Y ( 9 ) = AL5 
Y ( 1 Q ) =RB 
Y (11) =R9 

Y  ( 1 2 )  =CP 
Y (1 3) =UP 
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r<i4»*<l./0ET>MAl4*Zm  ♦  Y<2)*0L0T4  -  AM*Z(1>  -  Y(1)*0MDT)  ♦ 

1  (U£TOT/(OtT*OtT))*(AM*Y(l)  -  AL4*Y(2I) 

YC15)=Y (4)/C7 
Y<15> -A  85  < Y (15)  ) 

Y  ( 1  6)  =  V  <6)*3M0X*UMR3/(R3  ♦  RttC  ♦  RSEC>> 

Y  Uo)-A8S(YU6i  > 

IF (  Y  ( 16  ) >101.102.131 

101  CONTINUE 

Y(l7)=CURRI*DMOX3*llMR3/(R3  ♦  R80  ♦  RSECM 
Y(17>=ABS(Y(17> ) 

Y (18)=Y  1 1 5 > / Y Cl 6) 

Y(19)=Y(15J/Y<17) 

GO  TO  10  o 

102  CONTINUE 
Y( 16) =0 . 

Y(17>  =0  . 

Y ( 1 8) =0  • 

Y(19)=0. 

103  CONTINUE 
Y(2Q)=Y (61/CURRI 
PETURN 

ENID 

SUBROUTINE  MUTI 

COMMON  Y<24),  Yl<2«,),  Y2<24),  Y3(24),  Y4<24>,  Z(24),  Zl(24) 

COMMON  Z2  (2-.)  .  Z3( 24)  .  Z4(24>.  YI(24),  £(24),  XI,  XC,  X,  XI,  X2 
COMMON  X  3 ,  X4,  OXI,  OX,  OXM,  EMIN,  EMAX,  KONT,  LC,  MP,  MC,  Ml,  M2 
COMMON  M3,  M4,  N,  MT 

COMMON  CPD.RoO ,  R90,XQ,YQ,R,  AX,  AM.AL4Q, ALEO  ,CP,AL11 ,NZ,DMOX , V 
COMMON  U.CAP1 ,R2,R3,CA»6,CA P7,  RIO,  C AP12.R13, NMAX 
COMMON  Uti  ,C3,CURRI,NCI,ZAP,RSEC 
COMMON  RMK1 ( 8 ) , RMK2 (6) 

DIMENSION  QUC50)  ,ERR(5-3> 

PI=J. 1415926 
AMU  =  ,00«ioJ12s6f'9 
Z=YU 

MM=  NMAX -1 
DO  80  M=1,MM 
P=2*M-1 
S  =  P*R 

A=SQRT  i\l*\l  +  Z  *  Z  > 

3=SURT(Y*V  +  S*S) 

C=  J QRT ( Z*  Z  ♦  S*S) 

AA  =  S»iRT  (  V* V  ♦  Z*Z  ♦  S*S) 

QQ(M)  M  AMJ/PI)  *  (2.*S-2.*C-2.*B  +  2.*  AA  +  V*ALOG(CMV  +  B)  /  <S*  (VfAA)))  ♦ 
1  Z* AlOG  (3*  (Z  +  C)  ✓  (S* <Z  +  AA) I) ) 

POJ=(< MU/PII* ( ALOG(CMY  +  B) / (S* (V+AA  )  ))  ♦  V* ( A A-B ) / ( B* 8) ) 

JPi_=Qj.  ■*)  XV 
ERR (M) =  (POQ-QPU/POQ 
80  CONTINUE 
JC  =  NMAX - 1 
INTF=2* (NMAX-1) 

QX-G. 

DY  =  0. 

COEF= INT  F 

00  303  J  =  1 , JC 

*X  =  QX  ♦  COtF*QU(J) 

OY=QY  ♦  COEF^QQ  ( J)  /  ( 1 .  -  ERR  (  J) ) 

CO_  F  =  COE  F“2» 

303  "ONTINUE 
AM=Ov 

,R=.t  *X/QY 

DM  OX  ..  '  (  Y*  ( 1  •  -ER)  ) 

ETUf. 

TNO 
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SUBROUTINE.  PRNT  (Kl 

C  PROVIOE  OUTPUT  AS  REQUESTED  BY  OPTIONS 

CUHNON  Y (24) ,  VI (2W) «  Y2(24),  V3(24l,  Y4(24),  Z(24),  Zl(24) 
COMMON  Z2 (24) ,  Z3(24),  Z4(24),  YI(24),  E(24>,  XI.  XC*  X.  XI.  X2 
COMMON  X3,  X4»  DXI.  OX.  OXH.  EMIN*  EMAX »  KONT ,  LC.  MP*  MC.  Ml. 
COMMON  M3.  M4»  N,  M T 

COMMON  CPO  ,R60,R90,XU»YQ,R» AK.AM.AL40 .ALSO .CP.ALll .NZ .OMOX . V 
COMMON  U  »  CAP1.R2.R3  .CAP6.CAP7  •  RIO.  CAP12  .R13.NMAX 
COMMON  UO.CO.CURRI.NCI.ZAP.RSEC 
COMMON  RMKl(tt) ,RMK2 (8) 

C  TEST  PRINT  ON  INITIAL  ANO  INTERMEDIATE  POINTS 

IF  (K  -  3)  50.3,80 

53  IF  (K  -  1)  52,1,52 

52  IF  (MP) 60 ,51 ,50 

51  IF  (K-l)  1,1,2 

1  IF  (MT)  10.10,11 

*******  *  *  *  *  * 


10 


12 


11 


20 

4 


3 

30 


50 
7  0 
71 


72 


PRINT  200 
PRINT  206 
PRINT  206 
LF  =  1 

PRINT  231,  XI,  DXI,  OXH,  XC , 
DO  6  I  =  1,  NZ 


PRINT  208,  I, 
CONTINUE 
PRINT  209 
LC=11*NZ 
CO  TO  60 
PRINT  202 
PRINT  206 
PRINT  206 
LF  =  2 
GO  TO  12 
IF  (LC  ♦  NZ  - 
PRINT  203,  X, 
DO  4  1=1, NZ 
PRINT  235,  I, 
CONTINUE 
PRINT  206 
LC  =  LC  ♦  2  ♦ 
GO  TO  60 
IF  (LC  ♦  NZ  - 
PRINT  204,  XC 
DO  5  1=1, NZ 
PRINT  2i.C,  I, 
CONTINUE 
PRiNT  207 
RETURN 


Y(I),  I,  Z (I) 


58)  20,23,70 
OX 

VCI*,  I,  Z(II  , 

NZ 

58)  30,33,73 

Y(I),  I,  Z(I) 


GO  TO  (71,  72) ,  LF 

PRINT  2j 0 

PRjlNT  239 

LC  =  6 

GO  TO  23 

PRINT  202 

LC  =  6 

PRINT  209 


EMIN,  EMAX 


I,  E(I) 
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GO  TO  20 

73  GO  TO  (  7*.  75) ,  if 
7k  PRINT  2uC 

GO  TO  30 

75  PRINT  202 

GO  TO  30 

8  L  GO  TO  (81,  82),  LF 

81  PR a  NT  200 

PRINT  209 
LC  =  6 
uO  TO  63 

82  PRINT  20 2 

PRINT  209 
LC  -  o 
GO  TO  60 
C 


* 


*  * 


•  •  <*,  V|<  ♦  •  < 


2  0  C  FORNAI  <5oHl  RUNGE-KJT TA-GIlL  /  ADAMS-MOULTON  INTEGRATION  ROUTIN 
IE) 

231  FORMAT  (  2  3  H  INITIAL  CONO I T IONS/ 16 X1HX  ,  1 7X5HDEL  X.12X9HMAX  OEL  X, 
113X ,  5HCUT  X ,  12X , 9HMI N  ERROR, 10  X , 9HM AX  ERFOR/5X ,6E19. 7 ) 

202  FORMAT  (4JH1  RUNGE-KJTTA-GILL  INTEGRATION  ROUTINE) 

203  FURMAT  (2E15.7) 

204  FORMAT  ( / 3 4H  FINAL  RESULT  AT  A  CUT-OFF  X  OF,tl5.7> 

205  FORMAT  (10X,2HY(,I2,4H)  =  ,  E 15 . 7 ,4  X  £>HDE  RV  <  ,  12 ,4H)  =  ,E15.7,4X, 

16H£RROR( , 12, 4H)  =  ,tl5.7) 

206  FORMAT  (1H  ) 

2u  7  FORMAT  (1H1/1H1) 

208  FORMAT  (9X.3HTI  (,I2,4H)  =  ,  E 15 . 7 , 3X  ,  6HOERV  1 1 , 12  ,<»H )  =  ,E15.7) 

209  FORMAT  (/12X19HINTEGRATI0N  RESULTS/  8 X  ,  1HX  ,  1 3X , 5HDEL  X/2 Q X , 4HY ( 1 >  , 
123X  .7H0ERW  (I)  ,  2  3X ,  8HERROM  I )/) 

210  FORMAT  (1JX.2HY ( ,I2,4H)  =  , E15 , 7 ,4X 5HDERV  ( ,  12 , 4H)  =  ,E15 .7) 

ENO 


SUBROUTINE  MUVE 

TC  K2POSIT ION  DATA  ARRAY  FOR  NEXT  POINT 
COMMON  Y (24) ,  Y 1  (2 A) ,  Y2(24),  Y3(2*>,  Y4(24),  Z(24),  71(24) 

COMMON  Z2(2h),  Z3(24),  Z4(24),  YI(c4),  fc  (2  4),  XI,  XC,  X,  XI,  X2 
COMMON  X  3  ,  X4 ,  OXI,  OX,  DAM,  EMIN,  EMAX,  KONT,  LL,  MF,  MC,  Ml,  M2 
COMMON  (13,  M4,  N,  NT 

COMMON  CP0  ,R80  ,R9C,XU,Ya,R, AK  ,  Ah , A L4C  ,  A L50  , CP, ALII ,NZ,OKOX ,V 
COMMON  U ,CAP1,R2,R3,C«D6,CAP7  ,R10,C A  PI  2 , R1 3 , NMAX 
COMMON  UG ,C3 ,CURRI,NCI,ZAP,RSEC 
COMMON  RMK1 (o) , RMK2 (8) 

X  4  =  X  3 
X  3  =  X2 
X2  =  XI 
xi  =  X 

90  1  I  =  1,  N 
Y4  {  I )  =  Y3(I) 

Y3 ( I)  =  Y2  (I) 

Y  2 ( I )  =  Y1  (I  ) 

Y 1 ( I )  =  Y (I) 

74(1)  =  Z3(I) 

Z  3  ( I )  =  Z  2  ( I ) 

Z2 ( I)  =  Z1(I) 

Zl ( I )  =  Z(I) 
l  CONTINUE. 

RETURN 

ENO 
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SUBROUTINE  RKGI 

C  OBTAIN  VALUE  OF  NEXT  POINT  VIA  RUNGE-ltUT T A-GILL  INTEGRATION 

COHHON  Y  ( 241  ,  Y 1  (24 )  ,  Y2(24),  Y3(24),  Y*<24),  Z(24),  Zl(24> 

COMMON  Z2(2*» ),  Z3(24),  ZM24),  YI(24),  E(24),  XI,  XC,  X,  XI,  X2 
COMMON  X 3 ,  X4,  OXI,  OX,  OXM,  EMIN,  EMAX,  KONT,  LC,  MP ,  MC ,  Ml,  M2 
COMMON  M3,  M4 ,  N,  MT 

COMMON  CP3  ,R8Q  ,  R90  ,  XU, Yli,  R,  AK ,  AM,  AL40  ,  AL5Q  ,CP, All  1  ,NZ ,  OMOX  ,  V 
COMMON  U,CAP1,R2,R3,CAP6,CAP7,R10,CAP12»R13,NMAX 
COMMON  UO ,C0 ,CURR1,NCI,ZAP,RSEC 
COMMON  RMK1 (8) ,RMK2(6) 

DIMENSION  A (24 ) 

**♦•♦**  *  *  *  ♦  * 

RKG  INTEGRATION  CONSTANTS 
Di  =  SORT  (0.5000) 

D2  *  SORT  (2.0000) 

03  -  3.0  *  Dl 

Cl  =  1.3  -  Dl 

C2  *  2.0  -  02 

C 3  =  2.J  -  D3 

C4  =  1.3  ♦  01 

C5  =  2.0  ♦  02 

C6  =  2.0  ♦  03 

DO  10  I  =  1,  N 
A  ( i  )  =  Z(I) 

11  CONTINUE 

****«#•*«*** 


00  1  I  =  1,  N 

Y  ( I )  =  Y  (I)  ♦  OX  *  Z  (I)  /  2.0 

1  CONTINUE 

X  =  XI  ♦  OX  /  2.0 

CALL  OERV 
DO  2  I  =  1,  N 

Y(I)  =  Y ( I )  ♦  Cl  *  OX  •  (Z(I)  -  A(I)  ) 

A (I I  =  C 2  *  Z(I)  -  C3  *  A ( I ) 

2  CONTINUE 
CALL  OERV 

DO  3  I  =  1,  N 

Y ( I )  =  Y(I)  ♦  C4  *  OX  *  (Z(I)  -  A  ( I )  ) 

A  ( I )  =  C5  *  Z(I)  -  C6  *  A ( I ) 

3  CONTINUE 

X  =  XI  ♦  OX 

CALL  OERV 
DO  4  I  =  1,  N 

Y(i)  =  Y ( II  ♦  OX  *  Z(I)  /  6.0  -  OX  *  A(I)  /  3.0 

4  CONTINUE 
CALL  OERV 
RETURN 
ENO 
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SUBROUTINE  ITRQ  <K> 

TO  INTERROGATE  CURRENT  VALUE  OF  X  FOR  CUT-OFF  X 

cSnhSn  hI:  Si;  s^v*’ 0XHf  eHlN’  EHAx’  kont»  lc’  *'p'  ic»  « 

COMMON  OP0,R8Q,R90»XQ,TQ,R,AK»AM»AL4C*AL5Q»CPtALll.N7  nun*  u 
COHHON  U,C»P1,R2,R3,C«P6,C«P7,Ri;,C»p12.RU.!Cax  ’ 

COMMON  UO  tCO  » CUKRI ,  NCI, ZAP , RSEC 
COMMON  RHK1(8) »RMK2<8) 

IF  (X  ♦  OX  -  XC)  2,1,1 
IF  (M4)  4,5,4 
<  =  0 
RETURN 


OX  s  XC  -  X 
KONT  =  1 
M4  =  1 
GO  TO  3 
K  =  1 
GO  TO  3 
END 
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SUBROUTINE  A  OH I 

C  OBTAIN  TENATIVl  VALJE  OF  NEXT  POINT  VIA  AOAMS-MOULTON  INTEGRAT I 

3  CHECK  ERROR  FOR  POSSIBLE  CHANGE  IN  STEP-SIZE 

COMMON  V  (24)  «  Yl(24>,  r  2(24),  Y3(24>,  Y4(24),  Z  (24)  •  Z1C24) 

COMMON  Z2(2 4),  Z3(2**),  Z*(2h),  YK24),  E(24>,  XI,  XC,  X,  Xi,  X2 
COMMON  X3,  X4,  OXI,  OX,  OXM,  EMIN,  EMAX,  KONT,  LC,  MP,  MC,  Ml,  M2 
COMMON  M3,  M4 ,  N,  MT 

COMMON  CPO ,Rd3 ,K90,XU,YQ,R,  AK, AM ,ALhO ,AL50  ,CP,AL11 ,NZ ,OMOX , V 
COMMON  U,CAP1«R2,R3*CA36«CAP7,R1Q,CAP12, R1 3,NMAX 
COMMON  JO  ,CG,CURRI,NCI,ZAP,RSEC 
COMMON  RMK1 (8) , RMK2 («> 

DIMENSION  V Y (24 ) 

C 

IF  <  KF )  50,51,50 

50  IF  (KFF)  52,53,52 

52  KF  =  u 
<FF  =  3 
GO  TO  51 

53  KFF  =  1 

51  CONTINUE 

C  ****♦#♦♦**** 

C  STEP  X  AND  PREOICT  A  Y 

X  =  XI  ♦  DX 
MM  =  0 

J1  =  OX/24. G 
Oc  =  19.0/270.0 
00  5  I  =  1,  N 

V  ( I)  S  Yl<mDl*(55.0*Zl(I)-59.0*Z2U>+37.0*Z3(I)-9.0*Z4(I>> 

Y  Y  ( I )  =  Y  ( I ) 

5  CONTINUE 

CALL  DERV 

r> 

U 

C  CORRtCT  Y  AND  PREOICT  CHECK  ON  ERROR 

DO  6  I  *  1,  N 

Y ( I )  =  Y 1  ( I )  ♦  01*(9.0*Z(I)*19.0*Z1 U)-5.Q»Z2<mZ3(I>  ) 

5  CONTINUE 

CALL  OERV 

n  *♦♦,*♦♦***** 


00  7  I  *  1,  N 

E(I)  =  ABS  (02  *  (Yd)  -  Y  Y  ( I )  )) 

C  CHECK  ERROR  RANGE 

IF  (EMAX  -  Ed)  >45,1,1 
1  IF  (Ed)  -  EMIN  )  8,7,7 

45  MM  =  MM  ♦  1 

GO  TO  7 

S  M3  =  M3  ♦  1 

7  CONTINUE 

IF  (MM)  46,46*3 

46  IF  (  M3  -  N  )  1C, 2,2 

Q  ♦#*¥****♦*** 

c 

C  ERROR  LESS  THAN  MINIMUM  -  DOUBLE  THE  STEP-SIZE 


? 

IF 

(MC) 10,21,10 

21 

IF 

(X  ♦  4,0  *OX 

-  XC)  22,22,10 

22 

IF 

(DX+DX  -OXM) 

23,23,10 

23 

CALL  PRNT  (2) 
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c>  o  C  ) 


58)  2  30  ,230  ,231 


ox  =  ax  ♦  ox 
IF  (LC  ♦  N  - 
2  31  CALL  PRNT (4) 

230  PRINT  201 

DO  24  I  =  1 ,  N 
PRINT  20  3*  I  *  E(I) 
24  CONTINUE 
PRINT  204 
LC  =  LC  ♦  2  ♦  N 

00  25*i  =  1«  N 
Z3(I)  =  Z  4  ( I ) 

Z1 ( I )  =  z  c I) 

VI  t  II  =  Y(I) 

?5  CONTlNUt 

C*  *  *  * 

CAlL  rkgi 
DO  26  I  =  1*  N 
Ed)  =  J  •  0 
26  CONTINUE 
41  =  1 
GO  TO  13 


iRROR  GREATER  THAN  MAXIMUM  -  HALVE  THE  STEP-SIZE 
3  IF  (M2)  30*4C,3C 

3C  IF  (MC) 10*31*10 

31  IF  (Ml) 34,32,34 

32  IF  (X  4jX  +0 X  -  XC)  33,33,1  0 

33  IF  ( KFF )  3fa ,  35 ,3 6  »  »  4 

♦  ♦  *  *  *  * 

3 S  OX  =  OX  /  2.0  _ 

IF  (LC  4  N  -  ?B)  350  ,->?0,351 

3*1  CALL  PRNT (4) 

350  PRINT  202 

00  37  I  =  1,  N 

PRINT  203,  I,  E(I) 

37  CONTINUE 
PRINT  234 
LC  =  LC  4  2  4  N 

00  42  I  d,  N 

Y(I)  =  Y1  (I) 

zd)  =  zid) 

42  CONTINUE 
CAlL  RKGI 
DO  36  I  =  1,  N 

-(II  =  0.0 

36  CONTINUE 
KONT  =  2 
<F  =  1 
KFF  =  0 

G0  I0  13*  *  **44  4  4  * 

3  4  XI  =  X2 
t‘l  =  0 

OJ  39  I  =  1,  N 
Y(I)  =  Y2(I) 

Y1(I)  =  V  2  ( I ) 


z<d  *  zz  ( i) 

Z1II)  =  Z2(I) 

3b  CONTINUE 
GO  TO  35 
1C  HZ  *  1 

IF  (Mil  11  *  13 « 11 
11  Ml  =  0 

13  M3  s  J 

RETURN 

3  #»♦**♦*♦*»♦* 

36  KFF  =  0 
XI  s  X4 

DO  41  I  *  It  N 
Y(I)  s  Y4  (I ) 

Y 1  ( I )  =  Y4 ( 1 1 
Z  C  I)  =  Z 4  ( I J 
Z 1 1 1 1  =  Z4(I> 

41  CONTINUE 
GO  TO  35 

40  Z2(l)  =  1.CE12 

GO  TO  13 

2  ♦  ****•♦***♦* 

2il  FORMAT  (51H  DOUBLING  THE  INTERVAL,  ERROR  ARkAY  AS  FOLLOWS) 
232  FORMAT  (50H  HALVING  THE  INTERVALt  ERROR  ARRAY  AS  FOLLOWS) 
?  C  3  FORMAT  (8X,6HERR0R( , I2.5H)  =  ,E15.9> 

2C4  FORMAT  (1H  ) 
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